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ABSTRACT

The Final Report documents and summarizes results of
a study performed under Contract No. NAS8-28657. A
broad base of payload control and display requirements
for future space missions have been identified. These

requirements have been analyzed to define future C
and D device requirements.
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SECTION 1
INTRODUCTION

1.1 SCOPE

This Final Report is prepared by the Navigation and
Control Division of The Bendix Corporation, Teterboro,
New Jersey for the George C. Marshall Space Flight
Center, National Aeronautics and Space Administration,
Huntsville, Alabama in accordance with Paragraph VIII,
Exhibit A of Contract No. NASS8=-28657.

1.2 PURPOSE

The purpose of this study is to define the control

and display requirements for future manned space
experiments. The role of control and display consoles
in future spacecraft is evolving into new and complex
areas such as scientific experiment instrwmentation,
subsystem management, remote manipulation, mission
planning and consummables management. The requirements
of this new and expanded role must be identified to
assure the development and availability of hardware
with sufficient flexibillity to adapt to changing needs
and varied missions. The objective of this study is
thus to define the control and display functional
requirements of a comprehensive sampling of future
manned space experiments, to identify the allocation
of the control and display variables, and to analyze
the C and D functional requirements to define generic
devices necessary for implementation.



1.3 APPROACH

A broad base of payload control and display functional
requirements necessary to perform future manned space
experiments has been developed. These samples chosen
encompass experiments and instrumentation in the
following disciplines.

Astronomy Life Sciences
Earth Resources Advanced Technology
Physics Support Instrumentation

This data, presented in Section 2 of this report,
provides in essence a description of ¢ and D functions
necessary to conduct the scientific experiments considered.

Section 3 of this report, using a family of generic

control and display devices, selects which generic

device is appropriate for each requirement identified

in Section 2, TFor example, in the Dual White Light
Coronagraph experiment it was determine that one of the

C and D functions is "Alignment Mode Select”. In Section

3 a lasting switch is selected to control this function

and correspondingly panel nomenclature is adequate to display
the status. A summary of all device selections is given

in Table 3-7.

To gain further insight into device requirements, device
preference 1is considered using only dedicated controls
and displays in Section 4. Thus, Sections 3 and 4
identify a family of generic devices which satisfy the
requirements identified in Section 2.

Finally, it is possible to conclude from this analysis

C and D device requirements, a generic family of devices,
and certain console or workstation requirements. These
conclusions are presented in Section 5.

1-2



SECTION 2
FUNCTIONAL REQUIREMENTS AND ALLOCATION ANALYSIS

2.1 GENERAL

This section develops a broad base of payload control
and display functional requirements necessary to perform
future manned space eXperiments. The experiment se-
lection is based on Projected payloads as defined in

the Research Applications Module (RAM) Phase B Study,
the Astronomy Sortie Mission (ASM) Phase A Definition
Study and the Reference Earth Orbital Research and
Applications Investigations (Blue Book) documents.

Where eXperiment similarity existed, the requirements
identified and implemented in the Skylab program were
reviewed and utilized as aids in the definition of
advanced payload C and D requirements. The samples
chosen encompass Astronomy (ASM and Skylab), Earth
Resources (RAM, Skylab and Blue Book), Physics (RAM

and Blue Book), Life Sclences (RAM and Blue Book),
Advanced Technology (Blue Book) disciplines, and support
instrumentation. While not all instruments within a
particular discipline are included in this report, those
included exhibit functional requirements which represent
the significant demands of the majority of the instru-
ments and experiments reviewed., Additionally a general
overview of subsystems C and D requirements is provided.
These subsystems include: Attitude and Pointing Control
(ASM, Skylab); Data Management (RAM, Skylab); Environ-
mental Control (RAM, Skylab); and Electrical Power (RAM).

The experiment functional requirements, the control

and display variables and significant characteristics
are presented in tabular form. A functional allocation
analysis has been performed based upon qualitative
application to each experiment of the following criteria:
criticality, frequency of use, resolution, response time
and dwell time.



The control and display functional requirements for the

five scientific disciplines investigated are listed in
Tables 2-1 through 2-5 and subsystems in Tables 2-6 thru 2-9,
The functional requirements and the C and D functions
required are listed in the first three columns of the

tables. The next five columns list the criteria and

ratings upon which the functional allocation (column

nine) has been based. Significant characteristics,

which have been established, are presented in the
Remarks/Notes column.

The function allocation was based upon qualitative
application to each experiment of the following criteria:
criticality, frequency of use, resolution, response time
and dwell time. The criticality assignment is a measure
of the impact upon the particular instrument of operator
delay or failure to interface with the elements satisfying
the C and D functional requirements. Four levels of
criticality were defined and coded as follows:

C ~ Catastrophic, results in injury or loss of life
H - High, results in equipment damage
M ~« Medium, results in loss of or degradation of data

L - Low, impacts housekeeping function (no equipment
degradation or hazard condition)

Frequency of use presents an assessment of the relative
number of operator interactions with a particular control
and display within the group of C and D defined for an
individual instrument/subsystem. The coding used in the
tables is defined as follows:

H = High, more than once per data cycle

M -~ Moderate, ahput once per data cycle

L - Low, infrequently used -~ often initial setup



Resolution is a measure of the degree of accuracy
required of the corltrol and display elements to satisfy
the functional requirement. Resolution consideration
has down stream impact on the device selection, pre-
sentation format and panel layout. The coding used in
the tables is as follows:

H - High, numeric readout required or greater than 1% FS
M - Moderate, about 19 FS

L - Low, gross or coarse

D - Discrete (Status)

Response is assessed in terms of the degree of rapidity
with which the operator is required to address the
particular C and D function in response to instrument
signals. Operator response was listed as follows:

H - High, immediate response required

M -~ Moderate operator response required, functions are
primarily associated with instrument setup

L - Low, operator response not time critical

Dwell time is anestimate of the amount of time the
operator interacts with the C and D during each usage
as follows: .

H - High, continuous operator interaction during
instrument/subsystem operation

M - Medium, extensive operator time required
each interaction with the C and D

L - Low, brief operator time required each C
and D interaction

The resulting allocation of C.and D functions into three
categories, Primary (P), Secondary (8) and Tertiary (T),
constitutes functional grouping based upon operator need..
The primary C and D functions are required as a concur-
rent group to operate the subsystem or instrument in its
normal modes and to enable recognition and corrective
action to be taken in the event of a high criticality
malfunction. The secondary C and D functions are
required on an individual basig to provide a specific
added capability or backup capability in support of the
primary group. The tertiary C and D functions have low

2-3



frequencies of use and minimum interplay with the
primary and secondary groups. Whereas the primary
and secondary groups are associated with instrument
operation in the data acquisition modes, the tertiary
group provides housekeeping functions principally.

2.2 MISSION PLANNING C AND D

Onboard mission planning for advanced manned space-
craft flights will tend towards greater autonomy,

with emphasis on crew participation. It is considered
that a major objective of mission planning is to predict
and provide for those activities which contribute to
eXperimental data acquisition. Thus non-experiment
systems, e.g. life support and electrical power, must

be included in mission planning due to their direct
support of the primary mission objective-experimentation.
These systems have obvious criticality with respect to
crew safety and therefore are prominent in the decision
process to continue or terminate the mission, to initiate
orbital maneuvers, and to enter particular data acquisi-
tion modes.

Use of a computer oriented onboard Data Management System
(DM8) will permit the crew to have access to historical
information, stored in computer memory, and to predictions
with respect to the attainment of overall mission. poals.

A check 1ist, displaying mission/eXperiment objectives
completed and the priorities of those remaining is
essential to onboard experimentation planning; The

status of consumables and the projected rate of consump-
tion as a function of mode of operation and vehicle
attitude are also required.

The C and D requirements defined in the tables of this
document allow the crew to assess present status. These
displays include ECS, EPS and eXperiment consumables,

CMG momentum storage and TACS pressure. Historical
displays such as activity history plotter, tape recorders
and log books are also provided. These displays provide
the basic information inputs to the crew to aid in their
participation in mission planning.



2.3 MATRIX TABLES

The functional requirements and allocation analysis of

the comprehensive sampling described previously is Pre-
sented in Tables 2-1 through 2-9, The eXperiment and in- -
strumentation categories covered are as follows.

TABLE 2-1

TABLE 2--2

TABLE 2-3

TABLE 2~4

ASTRONOMY GROUP

Photoheligraph

Dual White Light Coronagraphs
X-Ray Telexcope

XUV Spectroheliograph

IR Telescope

Stratoscope III

High Energy Arrays

EARTH OBSERVATION GROUP

Cameras

Scanners

Microwave Radar

Multispectral Radiometer
Altimeter/Scatterometer/Radiometer
Multispectral Spectrometer
Polarimeter

Optical Radar

Observation Telescopes

PHYSICS GROUP

Proton Sensors

EM Radiation Detectors/Transmitters
Ambient Measurement Instruments
Particle Sensors

LIFE SCIENCE GROUP
Vertebrate Cage Module

Biomedical Measurements Unit
Life Support Test Unit



TABLE 2-5 ADVANCED TECHNOLOGY GROUP.
Thermal Control Coating Refurbishment
Oxygen Recovery/Biowaster Resistojet
Liquid/Vapor Interface Stability

TABLE 2-6 EXPERIMENT ATTITUDE AND POINTING CONTROL

TABLE 2=7 -‘DATA MANAGEMENT SUBSYSTEM

TABLE 2-8 ENVIRONMENTAL CONTROL SUBSYSTEM

TABLE 2-9 ELECTRICAL POWER SUBSYSTEM

A portion of Table 2-1 ig given below as a typical example.

In this case the control and display requirements for the
Photoheliograph eXperiments are considered.

Table 2-1, Astronony Group: Photohallograph

B ! -
FONCT 10K cowTnoL DISPLAY a gg § E k| ou
JLEIHHE
RS - 4_“
MAIN POWER ON/OFF BTATUN M lvf{o | L] 2
APERTIRE DOOR OPEN/CLOSE ' s'r.mn‘ . “‘J...,,L“ ‘LJ
.\-“‘

M—\—

The function "Telescope Main Power ON/OFF" has a criticality
of M (Medium) since improper operation would result in loss

of data. Note that this would not cause injury or loss of
life (C) or equipment damage (H). 'The frequency of use is

low (L) since activation is only once per mission. Resolution
is obviously discrete (D) and operator response is not time
related (L). Operator interaction (dwell time) is low or
brief limited to only the time necessary for switch activation
and confirmation of power status. Allocation is tertiary duye
to the combination of low frequency of use, resolution , dwell
time, response and that the function is not critical to 1life
or equipment,



Table 2-1,

Astronomy Group: Photoheliograph

= o
H 12w § - g §
PONCTION CORTROL DISPLAY 3 gg el 8= & REHARKS/NOTES
= |8s] 8 3| 8 -
5 E °© o E E = ’
o o <
ILESCOPE
\IN POWER ON/OFF SIATTS M L D L L T
*ERTURE DOOR OPEN/CLOSE STATTS M M D X L s
UINCH LOCK SYSTEM LOCK/UNLOCK STATCS H L D L L T
IERMAL CORTROL ON/OFF STATTS M L D L L T
iERMAL MONTTORING SELECT (1-12 TYP) TEMPERATURE MEASURE~ L L M L L T
HEXTS :
YCUS CONTROL:
MODE SELECT AUTO/MAN STATUS H i D 1 L | T | Auto focus failure alert required., Mamal focus
controls end displays provides backup to auto system.
MANUAL FOCUS INJovT RULL DETECTOR M L H . § M T 0.1%Z resclution required,
- TCRMENT TRANSLATE/ROTATE X/¥ TWO AXIS NULL DETECTION M L M M N s 1% resolution required,
AXES '
IAGE MOTION COMPENSA- _
ON OVERRIDE NORMAL/RESET STATCS M M D M L b 4
(GH VOLTAGE STATTS M M D M L P
1-10 STATTS M H D M L P
ELD MONITOR {SELECT) VIDEO M H H R/a] N P 1000 line reaolution required for simultaneous
camera operation.
STER DATA ACQUISITION]START/STOP READY/OPR M M D H L 4
OR/OFF STATUS M L D L L T
MERA POWER ON/OFP STATUS M H D M L 4
DE CONTROL SELECT 1-4 STATTS M " D M L P
TA ACQUISITION START/SET/STOP READY/SET/OPR M H D H L P
AME RATE SELECT 1-3 STATUS M i | D M L P
AMES REMAINING [ - FRAME COUNT L |2 |8 | wa]l o | 2 }1count 1n 20000.
C = Catastrophie L ~ Low P - Primary

H - High
M - Moderate

o - Discrete

§ - Secondary

T - Tertiary



Table 2-1, Astronomy Group: Photoheliograph (Concluded)
Elsu|l E1n] 2] B :
PUKCT ION CONTROL DISPLAY a g‘f Bl & . § REMARKS/NOTES
ElEs Bl E]&| 3
&= a = ] =
BROADBAND CAMERA
CAMERA POWER ON/OFF STATDS M H D M L P
MODE CONTROL SELECT 1-6 STATUS M H D M L P
DAYA ACQUISITION START/SET/STOP READY/SET/OPR M H D H L P
FRAME BATE SELECT 1-3 STATTS M ;| D M L P
FRAMES REMAINING - FRAME COUNT L H H N/Aj L P nesoiutton 1 coumt in 20,000,
DOAL BANGE
SPECTROGRAPH
CAMERA POWER ON/OFF STATUS M H b M " L P
MODE CONTROL SELECT 1-4 STATUS H H D M L P
lr‘ DATA ACQUISTTION START/STOP READY/OPR H H D H L P
9 raue pate SELECT 1-3 STATUS w te ol w ]l ]e
FRAMES REMAINING - FRAME COUNT L B H N/A| L P Reseolution 1 count in 2,000.
GRATING SELECT H/OUT STATUS M H )] M L P
€ - Catastrophic L ~ Low P - Primary

H - High
_ M - Moderate

D = Discrete

8§ - Secondary
T = Tertiary



Teble 2.7,

Astronomy Group: Dual White Light Coronagraphs

(Inner and Quter Coromagraphs Provided)

FINCT 108

CONTROL

DISPLAY

MAIN POWER OR/STBY/OFF STATUS

RITICALITY
FREQUENCY
OF USE

RESOLUT ION

RESBONSE

DWELL TIME

ALLOCAT ION

REMARKS/NOTES

[

]

M L D L
THERMAL, POWER ON/OFF STATUS M L D L L
THERMAL MONITORING SELECT (1-7 TYP) TEMPERATURE L L M L L T
MEASUREMENTS
MIREOR FOSITION SELECT TV/CAMERA STATUS | B D M L P
GIMEAL POINTING .
MANUGAL CONTROL SELECT MAN/AUTO STATUS M L D L L T Initial target acquisition and backup to auto
alignment scheme. Dual range null detector
DUAL AXIS ROTATION TWO AXIS NULL DETEC- .| L H M M T required. Ranges: 300 arc sec and 430 are
CONTROL TION sec, ’
SCALE SELECY COARSE/FINE STATES N L D M L T
INTERRAL ALIGNMENT
MARUAL OVERRIDE SELECT AUTO/MAN STATUS M L D L L T Backup to auto centering system.
DUAL AXIS TRANSLATION | TWO AXIS NULL DETEC- .
CONTROL TION . § L M M . | T Range 430 arc sec,
VIDICON BIGH VOLTAGE ON/OFF STATUS L H b M L P
DATA ACQUISTITION START/STOP READY/OPERATE M H D L 4
FRAMES REMAINING - FRAME COUNT L | B H N/al L | P | Resolution 1 count in 10,000,
TARGET MONITOE {SELECT) VIDED L H M M ‘M P Menochromatic display, Characteristics.as for Skylab
ATM TV momitors. '
APERTURE DOCR OPEN/CLOSE STATUS H M D M L s Door closure normally controlled by instrument,
Door open alert status required.
APERTURE DOOR AUTO .
CLOSE NORMAL/OVERRIDE STATUS L L D H L 8 Overrides normal automatic control of doors.
HManual close command required,
MODE CORTROL SELECT 1-5 (TYP) STATUS M B D M L 3
LAGNCH LOCK SYSTEM LOCK/UNLOCK STATUS H L b L L T
C - Catastrophic L » Low P - Primary

H -~ High

MM ~ Madoraras

D - Discrete

5 - Secondary

T - Tertiary




Table 2-1,

Astronomy Group:

X-Ray Telescope

o ol
Elowm| Ela | B] B
FUNCT 10K CONTROL DISPLAY g g 8 5 Z 2 k= REMARKS/NOTES
- .
ElEs| 5 [8]d) 8
. 5 ;_i_m -
—— ——— ——-——m
GENERAL : .
MAIN POWER oR/OFF STATUS X L D L L T
APERTURE DOOR OFEN/CLOSE STATUS | M D M L s
LAUNCH LOCK SYSTEM LOCK/ UNLOCK STATUS H L D L L T
THERMAL CONTROL ON/OFF STATUS M L D L L T
THERMAL MONITOR SELECT (1-12 TYF) TEMPERATURE MEASURE- L L M L L T
MENTS
FILTER SELECT 1-6 . STATUS M H 1] M L P
INSTRUMENT SELECT IMACE SYS/SPECT/ STATUS . { H D M L P
PROPORTIONAL COUNTER
THAGING SYSTEM
FRAME RATE SELECT 1-4 STATUS M H D M L P
EXPOSURE RANGE SELECT 1-6 STATUS M H D M L P
HIGH VOLTAGE ON/OFF STATUS M B D M L P
GRATING SELECT m/our STATUS M R D M L P
DATA ACQUISTTION START/STOP READY/OPR ] H D H L P
FRAMES REMATNING - FRAME COUNT L H H NA{ L P Rescolution 1 count in 10,000.
SPECTR(METER
DATA ACQUISITION START/STOP READY/OPR M ;| D H L P
SLIT SIZE SELECT 1-4 STATUS M H D M L
SCAN RANGE SELECT 1-10 STATTS M H D M M P
SCAN RATE SELECT 1-4 STATUS M i1 D M L '
SCAN STEP SIZE SELECT 1-6 STATUS | ] P M L P
SCAN SEQUENCE SELECT 1-3 STATUS M H D M L P
C = Catastrophic L - Low P - Primary
H - High D = Discrete 8§ - Secondary
i M - Moderate T - Tertiary



Table 2-1.

Astronomy Group:

X-Ray Telescope {Continued)

]

H - High
M - Moderate

D -~ Discrete

S - Secondary
T - Tertiary

-9
Els.,| Blul 2] &
Ll (-] -
FRICTION CONTROL DISPLAY 3 g g | & - & REMARKS/NOTES
AFIRIR AR
ElE°l a2 8] 3
b5 ~ a 2
SCANS COMPLETE - SCAN COUNT L H H N/a]l L P
CRYSTAL POSITION UP/ DO LINE COUNT M H H M P Resolution 1 count in 1,000.
CALTIBRATION INITIATE STATUS L M D L L S
SPECTRIM MONITOR RECORD/REVIEW ANALOG RECORD L : 1 M L M P | CRT display or strip chart display of counts detected
az function of crystal position (emergy).
DETECTOR RATE COUNT RATE L H M M M P 1% resolution required.
PROPORTIONAL COUNTER
SYSTEM
HIGH VOLTAGE ON/OFF STATUS x |e |} uly P
DATA ACQUISITION START/STOP READY/OPR M E D H L P
CAL IBRATION INTTIATE STATUS L M D L L 5
PC SPECTRIM RECORD/REVIEW ARALOG RECORD L H M L. | u P
DETECTOR RATE - COUNT RATE L H H M M P 1% resclution required.
APERTURE MODE AUTO/MARTAL STATUS L L ) H L H] Manual aperture control provided as backup to automatic
system. Excessive PC count rate alert required to cue
INCREASE/DECREASE APERTURE POSITION L L D £ L S operator to possible auto system malfunction.
PULSE HEIGHT
ANALYZER GAIN SELECT 1-32 STATUS L L TED] L M s Used during calibration in conjunction with PC spectrum
‘ display.
FILTER HEATER ON/OFF STATUS L L D L L T
HIGH VOLTAGE ON/OFF STATUS L B D M L P
FIELD MONITOR (SELECT) VIDEO L H M N/Al M P Monochromatic display. Characteristics as for Skylab
ATM TV monitor,
PHOTOMULT IPL1ER
DETECTOR
HIGH VOLTAGE ON/OFF STATUS M H D M L P
" € = Catastrophic L - Low P - Primary




Table 2-1. Astronomy Group: X-Ray Telescope (Concluded)

o > =z
Elou|l E|a &) &
FONCT ION CONTROL DISPLAY 'g E 3 B 5 Lo £ REMARKS/NOTES
Slge|l 2| &) 3| &
ElEe| 2| 8| & 3
« o a =
e e ——————
TECTOR RATE - COUNT RATE L H H M M P 1% resolution required.
SCRIMINATOR LEVEL SELECT 1-25 STATUS M M D L P
ARE ALERT ERABLE/ INHIBIT STATUS L B D L L P
ALERT STATUS L H D H L |
C - Catastrophic L =~ Low P - Primary
R - High D = Dscrete S = Secondary

M ~ Moderate T - Tertiary



Table 2-1. Astronomy Group: XUV Spectroheliograph
o
=] o} - § = g g
] [
FUNCTION CONTROL DISPLAY 5’ E 8| B § 2 = REMARKS/NOTES

=1s=| 8 &3] 8

ElEe| 8| 2181} 3

& = a <
IR POWER ON/OFF ’ STATUS M L )] L L T
ERTURE DOOR OPEN/CLOSE STATUS M M D N L s
\ONCH  LOCKS LOCK/ UNLOCK. STATUS H L D L L T
[ERMAL CONTROL ON/OFF STATUS M D L L T :
[ERMAL MONITOR SELECT {1-12 TYP) TEMPERATURE MEASURE- L L M L L T

MENTS
D& CORTROL SELECT 1-3 STATUS M B D L N P R
VELENGTH SELECT LONG/NORMAL/SHORT STATUS M H b M L P
POSTRE DURATICN LONG/NORMAL/SHORT STATUS M H D M L [ 4 '
ARE MODE ENABLE/ INMIBIT ENALEE/ INHIBIT/ACTIVE M M D L L s
TA ACQUISITION START/STOP READY /OPERATE M H D : | L P
AMES REMAINING FRAME COUNT L H ;] N/Al L I3 Resolution 1 count in 2,000,
€ ~ Catastrophic L - Low P -~ Primary
H - Righ D - Piscrete 8§ - Secondary

M - Moderate T - Tertiary



Tsble 2-1,

Astronomy Group: IR Telescope

I‘ H - High
| M - Moderate

D -~ Discrete

S - Secondary
T - Tertiary

Fol I
Elou] & & 5 g
FUNCTION CONTROL DISPLAY 3 Ea| & gl - B REMARKS /NOTES
= 4 8 o0 b g
ElE°] 8| E| & 3
& 2 2
—— ____—____——--_——--———“_—'_"_“‘““——_'_.____—-————-—-——
TELESCOPE
MAIN POMER ON/OFF STATUS M L D L L T
APERTURE DOOR OPER/CLOSE STATUS M M D M L 5
LAUNCH LOCK SYSTEM LOCK/ UNLOCK STATUS H L D L L T
THERMAL CONTROL ON/OFF STATUS M L D L 1 T
THERMAL MONITOR SELECT (1-12 TY?) TEMPERATURE L L M L L T
MEASUREMENTS
FOCUS IN/oUT NULL DETECTOR M L. M M M 3 1% resolution required.
ALTQUMENT : x/Y ARES TWO AXIS NTULL DETECTOR| M M M M s 1% resolution required.
TRANSLATE
ROTATE
0
4 INSTRIMENT SELECT RADIGRMETER/ STATUS M H ] M L P
o SPECTROMETER )
HIGH VOLTAGE ON/OFF STATUS " H D M L P
FIELD MONITOR - VIDEC 24 H M M M P Monochromatic display. Characteristics as Skylab
AT TV monitor.
RADICMETER
DETECTOR ELEMENT
SELECT SELECT 1-21 STATUS M L D L L T 1% resolution required.
PETECTOR ELEMENT GAIN | ANALOG GAIN MONTTOR M L M L M T
DETECTOR ELEMENT BIAS | ANALOG BIAS MONITOR N L. M L M T 1% resolution required.
DETECTOR TEMPERATURE ANALOG TEMPERATURE MONITOR M M M L M T 1% resolution required.
DETECTOR SELECT SELECT 1-3 STATUS M H D M L P
MODE SELECT 1-6 STATUS H H D M L P
CRYOGEN COOLING ON/OFF STATUS N L D L L T
. € = Catestrophic L = Low P - Primary




Table 2-1.

Astronomy Group: IR Telescope (Concluded)

> B x
Eleul E]l | & &
FINCT 10N CONTROL DISPLAY 3 E Bl & § & E REMARKS /NOTES
2 ge] 2 3| 8
E E Sl = 2 B t
o = =1 & <
CAL IBRATION INITIATE STATUS M M D M L 3
DATA ACQUISITION START/STOP READY/OFR M H D : L P
SPECTROMETER
THERMAL CONTROL ON/OFF STATUS M L b L L T
DETECTOR GAIN ANALOG GAIN MONITOR . | L M L M T 1% resclution required.
DETECTOR BIAS ANALOG BIAS MONITOR .} L H L M T 1% resolution required.
"DETECTOR TEMPERATURE ANALOG TEMPERATURE MONITOR M . | M L M P 17 resolution required.
DETECTOR SELECT SELECT 1-3 STATUS M H D M r L P
CALIBRATION INITIATE STATUS M . § D H i 4
b DATA ACQUISITION START/STOP STATUS M H 1] H L P
I
] SCAR RARCE SELECT 1-6 STATUS M H D M. L P
[4) |
SCAN RATE ANALOG RATE MORITOR M H M M ). | - P 1% resolution required.
ZERO) OFFSET ARALOG SCAN RANGE ZERO M H M M M P 1% resolution required.
MONITOR
'C = Catastrophic L = Low P - Primary

H - High
7!L:_§qderate

D - Discrete

S = Secondary
T - Tertiary




Table 2-1.

Astronomy Group:

Stratoscope ITI

k2l
B8 § o 2 § -
FUNCTION CONTROL - DISPLAY 3 gg § § : 5 REMARKS /NOTES
: ~ g 15} 0 a &
BElge| g g &) 3
] = a < '
COPE
MAIN POWER ON/OFF STATUS M L D L L T
APERTURE DOCR OPEN/CLOSE STATUS M M b M L s A
LAGRNCH LOCK SYSTEM LOCK/ UNLOCK. STATUS B L D L L T
THERMAE, CONTROL ON/OFF STATUS M L D L L T
THEEMAL MOWITOR SELECT (1-12 TYP) TEMPERATURE MBASURE- L L M L L T
MENTS
FILTER SELECT SELECT 1-6 STATUS N B D .| L P
ALJGRMENT TRANSLATE/ROTATE X/Y TWO AXIS NULL DETECTOR| M L M M M ] 1% resolution required.
AXES
FOCUS IN/ouT NULL DETECTOR M M H M | s 0.5% resclution required.
N a1ea voLTacE ON/OFF STATUS M H ) o L P
=
o3 FIELD MONITCR ({SELECT) VIDEO M H H N/AL L P 1,000 line resolution. Monochromatic display.
DETECTOR SELECT SELECT 1-9% STATUS M H D M L P
FIELD CAMERA
{4 FROVIDED) Four field cameras may operate simultaneously or in-
- dividually.
CAMERA POWER ON/OFF STATUS M R D M M P
EXPOSURE DURATION SELECT 1-6 (TYP) STATUS M | b M M P v
MODE SELECT SELECT 1-6 STATUS M H D M M P
FRAMES REMAINING - FRAME COINT L H g Nfa| M P Resolution 1 count in 20,000,
DATA ACQUISITION START/STOP READY/OPR M H D H M F
SPECTROGRAPHS
{4 PROVIDED) Imaging, high speed, echelle, and near IR spectrographs
provided.
INSTRUMENT POWER ON/OFF STATUS M H D M M P
C = Catastrophic L = Low P -~ Primary

R - High
M - Moderate

D - Discrete

8§ - Secondary

T - Tertiary




Table 2-1.

Astronomy Group:

Stratoscope II1 (Concluded)

El1bul B u| 8| 8 .
FONCTION CONTROL DISPLAY § gf B | 8 ; lg- REMARKS /NOTES
Eleg°l g & & 3
5] =] -«
EXPOSURE DURAT ION SELECT 1-6 (TYP) STATUS M H D M L P
SLIT SELECT SELECT 1-4 STATUS B | o | w | v | P | mmaging spectrograph only.
GRATING SELECT SELECT 1-2 STATUS H H D M L P
MODE SELECT SELECT 1-6 STATUS M H D M L P
GRATING POSITION STEP UP/DOWN STEP COUNT M H H M M P Imaging spectrograph oﬁly. Resolutizn 1 count in 6,000,
CALIERATION INITIATE STATUS M L D L L s
DATA ACQUISITION START/STOP READY/OPR M H D H L P
FRAMES REMAINING - FRAME COUNT L a | 8B | wal L P | Resolution ! count in 2,000.
SPECTROMETERS |
(2 PROVIDED) Lyman and widdle IR spectrometers are provided.
INSTROMENT FOWER ON/OFF STATUS M " D M L P
MODE SELECT SELECT 1-6 (TYP) STATUS M |la o lx]r]e
CALTBRATION INITIATE STATUS u L D L L s
DATA ACQUISITION START/STOP RRADY/OFERATE M H D H L P
POLAR IMETERS
2 PROVIDED Wellaston and reflective polarimeters are provided.
INSTRIMENT POWER ON/OFF STATUS M B D M L P
MODE SELECT SELECT 1-6 (TYP) STATUS M H b M L P
CALIERATION INITIATE STATUS M L D L L 5
DATA ACQUISITION START/STOP READY/OPERATE X ;1 D H L P
€ - Catastrophic L - Low P - Primary

H - High
X - Moderate

D = Discrete

S - Secondary
T - Tertiﬂry_




Table 2-1.

Astronomy Group:

High Energy Arrays

B
Elcul Bl u] 2| 8
FUNCTION CONTROL DISPLAY g gzl & § & B REMARKS/NOTES
218 8 31 g
ElE°|l g8 8] 3
l===================i======z========nm==u=£===================== s - n - "*1==============================================J
LARGE_AREA ‘
X-RAY DETECTOR
MAIN POWER OH/OFF STATUS | L D L L T
HIGH VOLTAGE ON/OFF 1-6 STATUS M L D L L T
CALIBRATION INITIATE STATUS H]lulo L L T
DATA ACQUISITION START/STOP READY/OPERATE M D M L P
DETECTCR RATE SELECT 1-6 COUNT RATE L M M M M P 2% resolutiom required. Pance: 102 to 105 coggta/aecond.
PULSE HEIGHT ANALYZER
MONITOR SPECTRIM OF SOURCE L M TBD} L L s 32 channels per detector module. Auxiliary calibration
method. Video, oscilloscope or X-Y plotter can satisfy
display requirement, :
-] GAS PURGE AIRLOCK OPEN/CLOSE STATUS : | L D L L T
) SAMPLING DURATION SELECT 1-10 STATUS M M D M L P
o] LOW_BacKGROmND Gareda
RAY DETECTOR
MAIN POWER ON/OFF¥ STATUS | L D L L T
HIGH VOLTAGE ON/OFF 1-30 STATUS N L D L L T 30 high voltsge supplies requiring individual activation
in prescribed seguence.
SELECT 1-128 LEVELS STATUS M L D L L 5 .
DATA ACQUISITION START/STOP READY/OPERATE 4 B D M L P
3
LDETECTOR RATE SELECT 1-4 COUNT RATE L X H M. M P 2% resolution required, Range: 1 thru 10" counts/second.
PULSE HEIGHT ANALYZER
MONITOR SOURCE SPECTRUM L ] TED| L L S 128 channels. Auxilisry calibration method. Video,
ogcilloscope or X-Y plotter can satisfy display require-
ment.
DISCRIMINATOR CONTRCL |LEVEL 1-16 STATUS M L D L L T
LARGE MODULATION
COLL IMATOR
€ = Catastrophic L - Low P - Primary

H - High
IH - Moderate

D - Discrete

8 - Secondary

T = Tertiary



B1-2

Table 2-1. Astronomy Group: High Energy Arrays (Continued)

Fol >
Elow § 5 g E
FUNCTION CONTROL DISPLAY 3 Eg E1&81] ¢ § REMARKS/NOTES
. -l )
E[E3) Bl2]d|3
_ . 5] 2 a < .
MAIN POWER ON/OFF STATUS M L D L L T ’
HIGH VOLTAGE ON/OFF 1-6 STATUS M L D L L T
CALIBRATION INITIATE STATUS M L 1] L L T
DATA ACQUISITION START/STOP READY/OPERATE M H b M L P
RATE MONITOR - SELECT DETECTOR DETECTOR COUNT RATE L M M M M B Range 10 to 10‘ counts/second. 2% resolution required,
’ MODULE 1-6
GAS PURGE ATRLOCE, OPEN/CLOSE STATIUS B L D L L T
SAMPLING DURATION SELECT 1-10 STATUS ;| H D M L 4
SCAN BATE SELECT 1-6 STATUS M B D M L P
SCAN RANGE SELECT 1-6 STATUS M H D M L P
PULSE HEIGHT ANALYZER
GAIN SELECT 1-32 PULSE HEIGHT . § M M M. M 5 Voltage readout, 5% resolution adequate. Used during
- calibration sequence.
GAMMA RAY SPECTROMETER
MAIN POWER ON/OFF STATUS N L D L L T
‘ . .
EIGH VOLTAGE ON/OFF (14) STATUS : M L D L L T 14 high voltage supplies requiring individual activation
in prescribed sequence.
CALIBRATION SOURCE SELECT l-4 STATUS M L D L L T
INITIATE STATUS
DATA ACQUISITION STABRT/STOP READY/OPERATE M B D M L P
DETECTCR SPECTRIM - SOCRCE SPECTRIM L M H L L 5 1,024 channels, Auxiliary calibration method, Video,
escilloscope or X-Y plotter can eatisfy display require-
ment, #

WIDE COVERAGE X-RAY

DETECTOR

MAIN POWER * ON/CFF STATUS M L D L L T
C = Catastrophic L - Low P = Primary

'H - High D - Discrete S ~ Secondary

. M = Moderate T - Tertiary
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Table 2-1. Astronomy Group: High Energy Arrays (Continued)
> b
B Cwm § a g E
FINCT IOR CONTROL DISPLAY 3 g 3 g § S 5 REMARKS/NCTES
[ B -
ElES| 8| 8| &) 3
. . ﬁ - a -
m m%
BIGH VOLYAGE ON/OFF (154) STATUS M L D L L T Sequence of activation not defined, Individual off
controls required. Auto malfunction detectfon and
shutdowm required.
CALTIBRATION INITIATE STATUS M L D L L T
DATA ACQUISITION START/STOP READY/OPERATE M L D L L T
THRESROLD ADJUST SELECT 1-32 STATUS M L D L M s Required for each of 154 detectors.
X-BAY ALERT STATUS M R D H L P Master alert required indicating one or more datectors
have exceeded threshold setting.

SOURCE COORDINATES M L R M M s Coordinates of alert source. S$ituation display is an
alternmative, allowing observer to direct high resolution
arrays to source via joy stick type pointing controller.

FLAT CRYSTAL

SPECTROMETER

MAIR POMER OM/OFF STATUS M L D L | Lt T

HIGHE VOLTAGE ON/OFF (3) STATUS M L D L L T

MODE SELECT SELECT 1-6 STATUS N M D M L 5

CALIBRATTON INITIATE STATUS M L D L L T

DATA ACQUISITION START/STOP READY/OPERATE M H D M L F

RATE MONITOR SELECT 1-3 COUNT RATE L | | §m | u | ® |range 1 to 10% counts/second. Resolution 27.

SPECTRIM MONITOR RECORD/REVIEW SOURCE SPECTRIM L M M L L S CRT, oscilloscope or strip chart display of counts

detected as a function of crystal powition (enargy).

SCAN RATE SELECT l-4 STATUS M M D M M s

SCAN RANGE SELECT 1-100 STATUS M M D M L s

ASPECT SYSTEM POWER ON/OFF STATUS M L D L L T

SOURCE CENTERING DUAL AXIS ROTATION TWO AXIS NULL DETECTION|

(GIMBAL POINTING) CONTROL M L M M M T Used vhen acquiring source. Control may be part of main
pointing system.

L]

! € = Catastrophic
(H-High
M - Moderate

L - Low
D - Discrete

P « Primary
S - Secoundary

T = Tertiary
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Table 2-1. Astronomy Group: High Energy Arrays (Concluded)
> Lol
ElSm| E|lu| B 8
FUNCT 108 CONTROL DISPLAY 3 g% E § : §- REMARKS/NOTES
- -~ b3 - 3
B o @« 54 -
o 2 =0 2 2
NARROW BAND
SPECTROMETER/
POLARTMETER
MAIN POWER O8/OFF STATUS M L D L L T
HIGH VOLTAGE ON/OFF (9) STATUS M L D L L T
CALIBRAT ION INITIATE STATUS M L D L L T
DATA ACQUISITION START/STOP READY/QPERATE M ;] D M L P
RATE MONITOR SELECT 1-9 COUNT RATE L M M M M P Range 1 to 1()4 counts/second. S ianio Ll Ll
SAMPLING DURATION SELECT 1-10 STATUS )| .4 D M L P
L =~ Lovw P - Primary

H - Righ

C « Catastrophic
f M- Hggeiate

D ~ Discrete

$ - Secondary
T - Tertiarv




Table 2-2, Earth Observations Group: Cameras
ElBul E|u| 8] 8
FUNCT IO CONTROL DISPLAY 3 5’3 els|*" o REMARKS/NOTES
Elgs| 8l 85| & 2
5 =] &} 2
e e e e — |
METRIC CAMERA
PMER OR/OFF STATUS ] L D L L T
FRAMES REMAINING - FRAME COUNT L i B N/AT L P Resolution 1 eount in 10,000. '
DATA ACQUISITION START/STOP READY /QPERATE ] H b | L P
CAMERA SPEED SELECT 1-4 STATUS | el ol o B
F STOP SELECT 1-7 STATUS M H D M L P
TMAGE MOTION coen" ON/OFF STATUS M M p | L L T .
TEMPERATURE MONITOR SELECT 1-3 TEMPERATURE MEASURE- L L H|L } L T Range 200 - 366° K, resolution 1.2" K.
MENT i
THERMAL CONTROL ON/OFF STATUS M L D L L T
ll:ﬂ THERMAL SHIELD OPEN/CLOSE STATUS M M D H L s
ﬁ STELLAR CAMERA g
POJER ON/OFF STATUS M L D L L T
FRAMES REMAINING SELECT 1-4 FRAME COUNT L : | H N/A L P Resoltuion 1 count in 10,000,
DATA ACQUISITION START/STOP READY /OPERATE M H D H L P
CAMERA SPEED SELECT 1-4 STATUS M ] D M L P
TEMPERATURE MONITOR SELECT 1-12 ﬁEM‘NRﬁ MEASURE- L L H L L T Range 200 - 366° K, resolution _4;.20 K.
THERMAL CONTROL ON/OFF STATUS M L p jL L T
THERMAL SHIELD OPEN/CLOSE STATUS M M D H L 8
CAMERA(S) SELECT SELECT 1-6 PAIR SELECTION M B ] M L T
MULTISPECTRAL CAMERA
PIMER OX/QFF STATUS M L D L L T
FRAMES REMAINING SELECT 1-6 FRAME COUNT L H H N/al L P Resolution 1 count in 1,000.
C - Catastrophic L - Low P - Primary
EH = High D - Discrete 8 = Secondary
.M - Moderate _T - Tertiary



Table 2-2,

Earth Observations Group:

Cameras (Concluded)

> F
El2w § 5 g §
FUNCTION CONTROL DISPLAY 3 §§ E § 2 > REMARKS /KOTES
= S a3 o 3 g
ElEcl 81 2]|8] 3
g 2 a <
DATA ACAQUISITEION START/STOP READY/OPERATE M H p | = L P
CAMERA SPEED SELECT 1-4 STATUS M B D fn L P
F STOP SELECT 1-7 STATUS M H D | M L 3
IMAGE MDTION COMP ON/OFF STATUS M o p | L L T
TEMPERATURE MONITOR SELECT 1-18 TEMPERATURT MEASURE- L L L L T Range 200 - 366° K, resolution +2° K.
MENT
THEEMAL CONTROL OK/OFF STATUS N L p | L T
THERMAL SHIELD OPEN/CLOSE STATUS N M D |H L 5
FILTER SELECT SELECT 1-3 STATUS ] : p | » L P
C - Catastrophic L - Low P = Primary

f H = Righ
M - M>derate

D - Discrete

§ - Secondary
T - Tercfary




Table 2-2. Earth Observations Group: Scanners
Elsu| B[ 2] 8] 8
FINCTIOR COMTROL DISPLAY g E. - % = &= REMARKS /NOTES
5 ad =1 -«
@

MULTISPECTRAL SCANNER
POWER ON/OFF STATUS L rjL L T
IMAGE MOTION COMP ON/OFF STATUS | H D L L T
DETECTOR CURRENT SELECT 1-10 STATUS M M D M L P
POWER SUPPLY VOLTAGE SELECT 1-10 VOLTAGE MEASUREMENT L L H fL L T Range 300 Vv, resolution .3 uV.
TEMPERATURE MONITOR SELECT 1-15 TEMPERATURE MEASURE- L L 3 I L T | Range 200 - 366° R, resolution +.2° K.
THERMAL CONTROL ON/OFF ;[g"fus X L D L L T
THERMAL SHIELD OPEN/CLOSE STATUS M M p | & . s
DATA ACQUISITION START/STOP READY/OPERATE M H D H L P
DETECTOR QUTRUT SELECT 1-10 INTENSITY MEASUREMENT | M M B |L L P
CALTBRATION - IR/OUT M M M ]L L T
PASSIVE MICROWAVE
SCANNER
POWER ON/OFF STATUS M L D fL L T
CALIBRATION MDDE AUTO/MAN STATUS 1 M D L L T
MANUAL CALIBRATION
RATE RATE HICH/LOW STATUS M M D {L L T
POWER SUPPLY VOLTAGE SELECT 1-4 VOLTAGE MEASUREMENT L L H L L T Range 5 - 12 Vv, resolution 5 mv.
TEMPERATURE MONITOR SELECT 1-2 ﬂsmm MEASURE- L L H {L L T | Range 200 - 366° K, resolution +.2° K.
THERMAL CONTROL ON/OFF STATUS M L p |L L T
DATA ACQUISITION START/STOP READY /OPERATE M H D | H L P
ANTENNA STEERING
COMMAND UP/DOWN/L/R X, Y COORDINATES M H H M M P Range 90%, resolution 0.5°.
¢ - Catastrophic L - Low P - Primary

'R - Bigh
. M - Moderate

D = Discrete

§ - Secondary
T - Tertiary



Table 2-2. Earth Observations Group: Microwave Radar
_ E|uf 8|2l 8] 8
FURCT 10N CONTROL DISPLAY 3 g 8| g g & & REMARKS/NOTES
AR R
I gl=| 2] 2
==================:======::=================L========= ———-::=================#=====J=====F=:==:==:=m======================:===============:==========
WER ON/OFF STATUS H L D L L T
IAGE MOTION COMP ON/QFF STATUS M D L L T Resalution 1%.
WER SUPPLY VOLTAGE SELECT 1-3 VOLTAGE MEASUREMENT L L H L L T Range 12 V - 1 kV, resolution 0,5%.
MPERATURE MONITOR SELECT 1-2 TEMPERATURE MEASURE=- L L H L L T Range 200 - 3660 K, resolution 1.20 K.
HEXT
RGE SWEEP SELECT SELECT 1-3 STATUS M H D L L P
JIN CONTROL CONTINUOUS POSTITION L H H M . | s
TENNA TILT SELECT 1-10 POSITION READOUT M H D M M P
CEIVER SERSITIVITY - S/R READOUT L M D L L P
ANSMITTER POWER - POWER MEASUREMENT M M H L L P Resolution 17%.
DAR DISPLAY VIDEC GAIN "A" SCOFE M R M M L [
TA ACQUISITION START/STOP READY /OPERATE M H D H L 4
. = Catastrophic L - Low P - Primary

| - High
. = Moderate

D = Discrete

S - Secondary
T - Tertiarv




Table 2-2. Earth Observations Group: Multispectral Radiometer

o)
ElEu| Bl u| 8] 8
FUNCT 10N CONTROL DISPLAY 3 E L E = & REMARKS /NOTES
: Elgs( 82 a8
ElEel a8 & 3
= o a <
POWER SUPPLY VOLTAGE
MONITOR SELECT l-5 VOLTAGE MEASUREMENT L L H L L T Range 12 - 300 ¥, resolution 1%.
CALIBRATION ON/OFF STATUS M M D L L T
MIRROR ANGLE POINT RATE POSITION M o " M M P
POWER ON/OFF STATUS M L D L L T
DATA ACQUISITION START/STOP READY/OPERATE H H D H L P
DETECTOR SIGNAL SELECT 1-3 VOLTAGE MEASUREMENT M M B L L P Range 1 ¥V, resoluticn .n% v,
N BRI TRIEIY v
APERTURE DOOR OPEN/CLGSE STATUS M M D H L 5
C - Catastropkic L - Low P - Primary
! B = High D - Dlacrete $ -~ Secondary

M - Moderate T ~ Tert iary
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Table 2-2, Earth COhservations Group: Altimeter/Scatterometer/Radiometer
F¥
Els.l Bl ]l 8| &
[=1 o =1
FUNCTION CONTROL DISPLAY 3 g g E g : B REMARKS/NOTES
- -
ElEs| 8| 8|8 ¢
& 3 <
=~_—_ﬁ=@ = —— — ————— ———— = o e ——— ——— —— ——— —————————— |
POWER Of/OFF ‘ STATUS M L D L L T
POWER SUPPLY VOLTAGE SELECT 1-10 VOLTAGE MEASUREMENT L L H L L T Range 12 Vv to 1 kV, resolution 0.1%.
ATRFLOW TEMPERATURE SELECT 1-2 TEMPERATURE MEASURE- L L H L L T Range 200 - 366° K, resolution 1.2“ K.
MENT
TRANSMITTER POWER - POJER MEASUREMENT M M H [H L P
RECEIVER SENSITIVITY - READOUT L M D L L P
RECEIVER GAIN CONTTNOOUS POSITION L H H M M P Resolution 1Z%.
RANGE AND ALTIMETER .
} SWEEP SELECT 1-5 STATUS M H D L . L P
ANTENNA TILT SINGLE AXIS CORTROLLERIPOSITION M N D L L P Range 198°, resolution 3p.ls°.
AUTO SCAN SELECT 1-2 STATUS L M b L L P
INSTRUMENT COMBINATION [ SELECT 1-4 STATUS M B D L L P
ALTIMETER MODE SELECT 1-5 STATUS M H D L L P
ALTIMETER - HELGHT MEASUREMENT L H H H M P
€ - Catastrophic L - Low P - Primary

H - High
M- Hgﬁerate

D - Discrete

8 <« Secondary

T - Tertlary
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Table 2-2.

Earth Observations Group:

Multispectral Spectrooeter

Fal
ElSu|l Bl u| 2| B
FINCTION CONTROL DISPLAY 3 g 8l & g & [~ REMARKS/NOTES
Lo} I~ 8 o 3 g
EVES| 1S 8§ 3
& a1 = 2 <
[3)
—————rr)
POWER SUPPLY VOLTAGE | SELECT 1-5 VOLTAGE MEASUREMENT L] H L L T Range 12 - 300 V, resolution .1%.
TEMPERATURE MOXTITOR SELECT 1-4 TEMPERATURE MEASURE~ L | H L L T Range 200 - 366° K, resolution +.2° k, .
MENT
CALIBRATION N/OFF STATUS ol D L L T
MIRROR ARGLE POINT UP/DOWN POSITION M M H L L P Range 30°, regolution 0.1 mrad,
POVER ON/OFF STATUS M| D L L T
DATA ACQUISTTEON START/STOP READY /OPERATE uls= D H L P -
DETECTOR SICHAL SELECT 1-4 VOLTAGE MEASUREMENT X | u H L L P Range 1 ¥, resolution 1 mv.
APERTURE DOCR OPEN/CLOSE STATUS ¥ |lwm b H L S
C = Catastrophic L - Low P - Primary

H - High
M - Moderate

D - Discrete

$ = Secondary
T - Tertiary
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Table 2-2. Earth Observations Group: Polarimeter
-
B o . 8 o 2 E
-t L] i
FUNCT 10K CONTROL DISPLAY 3 g 3. E181 %1 § REMARKS /NOTES
H ] s 2| & B! 3
% =1z 7 - -
=====i==========%==~==
POWER SUPPLY VOLTAGE SELECT 1-5 VOLTAGE MEASUREMENT L L H L L T Range 12 - 300 V, resolution 0,17,
TEMPERATURE HONITOR SELECT 1-16 TEMPERATURE HEASURE- L L H L L T Range 200 - 366° ¥, resolution 3.20 E.
MENT .
CALIBRATION ON/OFF STATUS M M D L L T
MIRROR ANGLE POINT UP/DONN POSITION M M H L L P Range 120°, resolution 0.3°,
POMWER ON/OFF STATUS M L D L L T
DATA ACQUISTTION START/STOP READY /OPERATE M H D R L P -
DETECTOR SIGNAL ‘SELECT 1-16 VOLTAGE MEASUREMENT M M H L L P Range 1 V, resolution 1 mV,
APERTURE DOOR OPEN/CLOSE STATUS ¢ M D H L 8
C - Catastrophic L - Low P - Primary

H - Righ
M - Moderate

D - Discrete

S = Secondary
T - Tertiary
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Table 2-2. Earth Observations Group: Optical Radar

& o] = w 3
ﬁ 2w E g E -
© FIRCTION CONTROL DISPLAY 3 E% £ § = & REMARKS/NOTES
S18xl 818} 3] 8
|2} E‘D A By 3 puc
= ] o o
o [ = -
p— ———— ————— ——_“_-—""—-_--—=-———__—"_—"'"_‘—-_——___,_______
POWER SUPPLY VOLTAGE SELECT 1-5 VOLTAGE MEASUREMENT L L H L L T ‘Range 12 - 300 ¥, resolution .1%.
TEMPERATURE MONITOR SELECT 1-3 TEMPERATURE MEASURE- L]t H L L T Range 200 - 366° K, resolution +.2° k.
. MENT
TRANSMITTER. POWER - POWER MEASUREMENT M M H Cc L T Regolution .1%.
RANGE SWEEP SELECT 1-3 STATUS M H b L L P
DATA ACQUISITION START/STOP READY /QPERATE < H b H L P
RANGE - HEIGHT MEASUREMENT L H .4 H M P Range 200 n mi, resolution 0.1 ft.
MIRROR TILT CP/DOWN POSITION M M H L L P Range 30°, resolution 0,1 mrad,
POWER O/ OEF STATUS M L D L L T
APERTURE DOOR OPEN/CLOSE STATUS M M D B L 8
€ « Catastrophic L - Low P - Primary

H - High
_M = Moderate

D ~ Discrete

§ - Secondary
T - Tertiary
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Table 2-2. Earth Observations Group: Observation Telescopes

o Fol
. B |2w § a 2 §
FUNCT IO CONTROL DISPLAY 4 fizgi & E |~ g REMARKS/NOTES

- Yo, § ] 3

g | g° g1 8] 3

= | B <

# o
TEMPERATURE MONITOR SELECT 1-4 TEMPERATURE MEASURE- L L H L L T Range 200 -~ 366 K, Observational Telescopes (2)
HENT resolution +,2° K, with 1V Camera used with:
ARCLE LOW POWER SELECT 1-2 ANGLE MEASUREMENT M H B M M | 4 Range 650, 90°. Rezo- Multispectral Radiometer
lution .0l mrad, Altimeter
. Scetterometer
AKGLE HIGH POWER SELECT 1-2 ANGLE MEASUREMENT M|l a M H P Range 457, 90°, Reso- Radiometer
lution .002 mrad. Multispectral Spectrometer
Polarimeter
MAGNIFICATION SELECT I=5 STATUS M H D L L P Optical Radar
FRAMES REMAINING - FRAME COUNT L H H N/A L P Resolution 1 count
. in 10,000,

HICH VOLTAGE ON/OFF STATUS Ml Jo b |1
POWER ON/OFF STATUS M L D L L T
TV/CAMERA SELECT 1-3 STATUS M H D L L P
EXYOSURE DRATION SELECT 1-4 STATUS M H . D M. L P
F STOP SELECT 1=7 STATUS H H D M L P
CAMERA TRIGGER START/STOP READY/OPERATE M H D ] L P
IMAGE MOTION COMP ON/OFF STATUS M M b L L T
ﬂRGET MONITOR SELECT 1/2 VIDEOQ M H M M M P
C = Catastrophic L = Low P - Primary
H - Bigh D - Discrete § « Secondary

N - Moderate T - Tertiary .



Table 2-3..

Physics Group: Photon Sensors

FUHCT ION

PHOTOMETRIC

DISPLAY

CRITICALITY

FREQUENCY
0OF USE
RESOLUT 10N
- RESPONSE
DWELL TIME
ALLOCAT ION

REMARKS /NOTES

CLUSTER
MAIN POWER OR/OFF STATUS M B D M L P | Twice/orbit.
TEMPERATURE MONITOR SELECT 1-12 TEMPERATURE MEASURE- L L ;| L L T | Range 250° K to 300° K. Resolution 40.2° g,
HENTS ,
HIGH VOLTAGE ON/OFF 1-12 STATUS M H D M L P
HIGH VOLTAGE MONITOR | SELECT 1-12 VOLT MEASUREMENTS L H B M M P . ] Range 1,000 V to 3,000 V. Resolution IV. Dsed in con-
b4 - Junction wiih gaiv seleci. :
GAIN SELECT (i2) STATUS M H ;] M M P Frequency of use twice/orbit,
CALIBRAT ION OR/OFF STATUS M - D L [ L [
DETECTOR SIGNAL SELECT 1-12 INTENS ITY MEASUREMENT L d H M H P | Range 0-5 V. Besoletion 5 mv.
INTERFEROMETER
SPECTROMETER
POWER H/OFF 1-4 STATUS M H b M L P Twice/orbit,
TEMPERATURE MONITOR SELECT 1-4 TEMPERATURE MEASURE- L L |1 L L T ] Range 250° ¥ to 300° k. Resolution 0,2° g,
MENTS

POWER SUPPLY VOLTAGE
ONITOR SELECT 1-4 VOLT MEASUREMENTS L L H L L T Range 0-300 V. Resolution 1V,
IMAGE MOTION COMPENSA-

ON/OFF STATUS M g |bp M L P

ELECT 1-6 STATUS M H D M L ' P Twice/orbit,

ELECT 1-4 STATUS M 18 (0 |u |1 [P |mviceforbic.

HODE 1-6 STATUS M H D M L P Twice/orbit.

- INTENSITY MEASUREMENT L H H M I P Range 0-5 V. Resolution 2.5 m¥.
ON/OFF STATUS M H D M L P Twice/orbit.
C - Cetastrophic L - Low P - Primary

H - High
M ~ Moderate

D - Discrete

§ - Secondary
T - Tertiary ]
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3 - High

1
7 j M- Haderate

D - Discrete

8 - Secondary
T - Tertiary

Table 2-3, Physiecs Group: Photon Sensors {Coatimied)
>
E|2wl Bl u| 2| 8
FUNCT IO CONTROL DISPLAY 3 Ez E E = E REMARKS /NOTES
- =49 = e d -
HIECl a | & B g
- = ta) o x <
= o : <
TEMPERATURE MONITOR SELECT 1-4 TEMFERATURE MEASURE- L L H L L T Range 250° K to 300° K. Resolution 0.2° K.
MENT
POWER SUPPLY VOLTAGE
MONITOR SELECT 1-3 VOLT MEASUREMENT L L M L L T Range 0-300 V. Resolution 3 V.
DETECTOR SELECT SELECT 1-6 STATUS M M D M L S | once/orbit,
GRATING SCAN MODE 1-12 STATUS M M D | L 5 ] Once/orbit.
WAVELENGTH SCAN WAVELENGTH/GRATING L H H H M P | Continuous monitor during operation.
POSITION .
SLIT WIDTH SELECT 1-12 STATUS X |y |bp u L 8 | onceforbit.
DETECTOR SIGNAL - INTERSITY MEASUREMENT L H B H M P ] Range 0-5 V. Resolution 2.5 mV.
EUV SPECTROMETER
MATN POWER QN/OFF STATUS M H D M L P [ Twice/orbit,
TEMPERATURE MONITOR SELECT 1-4 TEMPERATURE MEASURE- L L H L l L T Range 250° K to 3000 K. Resolution 0.2° K.
MENT .
PCWER SUPPLY VOLTAGE
MONTTOR SELECT 1-2 VOLT MEASUREMENT L L M L L T Range 0-300 V. Resolution 3 V.
GRATING SELECT MODE 1-6 STATUS M M D M L s Once/orbit,
\VELENGTH SCAN - WAVELENGTH/GRATING L H H H M P | Continucus monitor during operation.
POSITION
DETECTCR SIGNAL - INTENSITY MEASUREMENT L H H M M P | Range 0=5 V. Resolution 50 mV.
TELESCOPE
APERTURE DOOR OPEN/CLOSE STATUS M L D M L S
TEMPERATURE MONITCR SELECT 1-8 TEMPERATURE MEASURE- L L H L L T Range 77° K. Resolution 0.1° K.
MENT
IDETECTOR ON/OFF VIDEO M H H M M P | 1,000 line resolution, Frame rate 1l/minute.
[VIDEQ REQUIREMENTS
"|IMAGE ISOCON TV "ON/OFF STATUS M M M M M P | 500 line resolution. Frame rate 2/second.
{NARRGW FOV)
C = Catastrophic L ~ Low P - Primary
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Table 2-3.

Physics Group:

Fhoton Sensars (Conc luded)

L
ot ol =
Bl2w] S o E §
RNCTIOK CONTROL DISPLAY g E_ 8 E § : § REMARKS/NOTES j
- = --
BlES( g 8 & 3
& 1 a <
IMAGE ISOCON TV
(WIBE FOv) ON/OFF STATUS M H M | M P ]| 500 line resolution, Frame rate 2/second,
SELECT NARROW FOV/WIDE FOV STATUS M M D M L S
"¢ -~ Catastrophic L - Low - Primary
i - High D - Discrete = Secondary
\7! - Moderate - Tertiary .



Table 2-3,

Physics Group:

EM Radiation Detectors and Transmitters

9g-2

yue|q ased Suipadsid

ElEal B|lal 8] 8
FUNCT 10K CONTROL DISPLAY g gg E § : g REMARKS AMOTES
. E|ES| B2 8] ¢
§ 121 %8| +
VLF TRANSMITTER -
MAIN POWER OH/OFF STATUS M X )] ] L s
TRANSMITTER POWER CONTINIOUS STATUS M L H M L 5 Range 1-10,000 W. Resolution 30 W.
FREQUENCY CONTINUOLS STATUS M L H M M S ] Range 0.1-200 KHz, resolution 1YX.
TRANSMITTER TEMPERATURE] SELECT 1-4 :‘EﬁERATURE MEASURE- L L H L L T Range 200-350° K. Resolution 0.2° K.
VLF_RECEIVERS
1-100 X1z OUTFUT - VOLTAGE MEASUREMENT L ;] ;] L L P | Range 1 ¥, resolution 0.0l V.
1-3 ¥z DUTPUT SELECT 1-& VOLTAGE MEASUREMENT L : | ;] L L P | Range 1 V, resolution 0.01 V.
100 HZ BW OUTPUT SELECT 1/2 VOLTAGE MEASUREMENT L H : | L L P | Range 1 V, reselution 0.01 V.
TEMPERATURE MONITOR SELECT 1-9 TEMPERATURE MEASURE~ L L H L L T | Range 200-350° K, resolutiom 0.2° g.
MERT
GAIN CONTINDOUS (9) STATUS M M H M ] § | Range 30 db, resolution 0.3 dh_
CENTER FREQUENCY CONTINUOUS (8) STATUS o1 M D M L S. Resolution 1%.
3 KHZ BW CONTROL CONTINUOUS (6) STATUS M M b M L % | Range 1 Hz-3 KHz, resolution 1%.
100 HZ/3 KHZ INTER- :
CONNECT SELECT 1-6 STATUS M M D . | L ]
RF TRANSMITTER
MAIN POWER ON/OFF STATUS M d D I P
TRANSMITTER TEMPERATURE - ;E:;:ERA‘IURE MEASURE- L L H L L T Range 200-300° K. Resolution 1-0.'1.’0 K.
TRANSMITTER POWER CONTINCOLS STATUS N M H M L ] Range 0-500 W, resolution 1.5 W.
FREQUENCY CONTINUOUS STATUS | ¥ M ;| M M 5 | Range 0.1 - 20 M.
PLASMA RESONANCE
ELECTRONICS
E!AIN POWER ON/OFF STATUS M M D M L s
! € = Catastrophic L « Low P - Primary

| # - Righ

M - Moderate

D = Discrete

§ -~ Secondary
T - Tertiary
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Table 2-3, physics Group: EM Radiation Detectors and Transmitters (Concluded}

FURCTION CONTROL DISPLAY REMARKS/NOTES

RESOLUTION
RESPONSE

DWELL TIME
ALLOCATION

CRITICALITY
FREQUENCY
oF USE

W

0.1 - 10 MHZ QUTPUT - VOLT MEASUREMENT L H H M L P | Range 1 V, resolution 0.0 V,

CENTER FREQUENCY SELECT 1-3 STATUS M D M L 8

BW CONTROL CONTINUOUS STATUS M M H M L S Range I -~ 100 Kie.

TEMPERATURE MONITOR SELECT 1-3 wmmﬁz MEASURE=- L L H L L T | Range 200° - 350° K, resolution _:!_-0.2° K.

C - Catastrophic L - Low P « Primary
B - High D ~ Discrete § - Secondary
+ M - Moderate T - Tertiary ~



8€E-C

Table 2-3.

Physics Group:

Ambient Measurement Instruments

-
Elow| Bl | B B
FURCT 1O% CONTROL DISPLAY 3 g 3 E, § : 5 REMARKS/NOTES
[
B gel 2 8 [ B 3
o 5l =| %] 2 :
] .
'=w_-m‘m==;===l== e
ELECTRON DEXSITY AND
TEMPERATURE MEASURE~
MENT
MATN POWER ON/OFF STATUS M M D M L s
COLLECTOR CURRENT
MODULATION DEPTHS - OSCILLOSCOPE L H H M M P | Raoge 0 - 100%, resoclution 0.57%,
CARRIER LEVEL - OSCILLOSCOPE L H H M M P | Range 10710 -3x 107 A, resolution 0.5%.
SWEEP - OSCILLOSCOPE L R H M M P I Range -2.7 ~ 3.5.¥; reaclution AN.ay,
GRID POTENTIAL CONTINUOUS VOLT MEASUREMENT M H H M N P | Range -5 - 4V, resolution 45 mV.
COLLECTOR POTENTIAL CONTINUOUS VOLT MEASCREMENT M H H M M P | Range 0 - 25 V, resolution 0.5%.
POWER SUPPLY .
VOLTAGE MDNITOR SELECT 1-5 YOLT MEASTREMENT L L H L T | Range 12 -~ 100 V, resolution 0.12 V.
TEMPERATURE MONITOR: ON/OFF TEMPERATURE MEASURE- | L L H L | 1 T | Range 200 - 350 K, resolution 0.2° K.
MENT
SPHERICAL IQX PROBE
MAIN PCWER ON/OFF STATUS M M D M L s
TEMPERATURE MONITOR ON/OFF TEMPERATURE MEASURE- L L H L L T | Range 250° K to 300° K, resolution 0.02° K.
MENT
POWER SUPPLY VOLTAGE
MONITOR SELECT 1-5 VOLT HEASUREMENT L L H L L T | Range 12 Vv to 100 V, resolution 1%,
COLLECTOR CURRENT
MOULAT LON - OSCILLOSCOPE L H H M M P | Range 0 - 100%. Resolution 0.57,
CARRIER LEVEL - OSCILLOSCOPE L H H M M P | Range 10'11 to 1077 A. Resolutfon 0.5%.
SWEEP - OSCTLLOSCOPE L H i M M P | Renge -4.0 to 11 V. Resolution 75 oV,
GRID POTENTIAL CONTINUOUS STATUS M H H M M P | Range 0 to 6.4 V. Resolution 0.5%.
COLLECTOR POTENTIAL CONTINUOUS STATUS M H H M M P |JRange 0 -~ 25 V, Resolution 0,5%.
€ ~ Catastrophic L = Low P - Primary

H - High

D ~ Discrete

S - Secondary
T - Tertiary
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Table 2-3. Physics Group: Ambient Measurement Instruments (Continued)
)
ElSu] 8| w ¥ g
o -
FURCT IO CONTROL DISPLAY 3 E 8] B § & & REMARKS/NOTES
= &y, | g
- . E{ES| 3|86
5 - = B = ;
QUADRTPLE MASS
SPECTROMETER
MAIN POWER ON/OFF STATUS M H M L P
TEMPERATURE MONITOR ON/OFF TEMPERATURE MEASURE- L L L L T [Range 200 - 350° K, resolution 0.20 K.
HENT
ION COLLECTOR SIGNAL T
CURRENT - CURRENT MEASUREMENT L H H M M P Range 107 - 10 A, resclution 0.5%.
DC FIELD VOLTACE - VOLTAGE MEASUREMENT L M H M L 5 {JRange 00 - 5 ¥V, resolution Q.25 V,
RF FIELD FREQUENCY - FREQUENCY MEASUREMENT L M H M L 8 [Range 2 - 4 MHz, resolution .025 MH=z.
OPERATION MODE SELECT 1-15 STATUS .| M D M L P
FILAMENT CURRENT - CURRENT MEASUREMENT L M H M L s Range 0 - 2 A, resolution 20 mA.
FLUXGATE MAGNETOMETER
MAIN POWER ON/ OFF STATUS M M 1] M L S
o
TEMPERATURE SELECT 1-4 TEMPERATURE MEASURE~ I L H L L T [JRange 200 - 350° K, resolution .2 K.
MENT
PONER SUPFLY VOLTAGE . . .
MONITOR - VOLTAGE MEASUREMENT L H M L T Range 0 - 28 V, resolution 17%.
CALTRRATION SELECT 1=-4 STATUS M M D M L 5
SIGNAL VOLTAGE - VOLTAGE MEASUREMENT M H H M M P jRange 0 - 5 Vv, resolution 0.17.
RANGE COMMAND SELECT 1-6 STATUS M H D M L P
SUPRATHERMAL
ELECTRONS
MAIN MWER ON/OFF STATUS M M D M L S
O
TEMPERATURE - TEMPERATURE MEASURE~ L L H L L T |Range 200 - 350 K, resolution 0.2° .
MENT
SHIFLD GRID - VOLTAGE FEASURD'EEI»‘I‘ M M M M L S Range 0 - 10 V, resolution 1%.
COLLECTOR - VOLTAGE MEASUREMENT M M M M I S Range O - 23 V, resolution 1%.
C -~ Catastrophic L - Low P - Primary
H - Righ D - Discrete S - Secondary
T = Tertiary

- voderate




Table 2-3,

Physics Group:

Ambient Measurement Instruments (Continued}

0¥ ~2

B
ElEu] Bl 2| 8] 8
FUNCT 108 CoNTROL DISPLAY 3 gel e El=1 % REMARKS/NOTES
=1 o, b= - 5
el gl 2|8 3
5 o & <
RETARDING GRID - VOLTAGE MEASUREMENT M M M M L 5 Range O - 2,000 V. Resolution 1%.
=10 -
COLLECTOR - AMP MEASUREMENT M H : M M P Range 10 - 10 6. Resoletion 0.5%.
PLANAR THERMAL ION
TRAP
MAIN POWER ON/OFF STATUS M H D M L P Twice/orbit.
TEMPERATURE MONITOR - TEMPERATURE MEASURE- L L R L L T Range 200 - 350° K. Resolution 0.2° K.
MENT .
GRID VOLTAGE SELECT 1-3 VOLTAGE MEASUREMENT L L H L L T Range 0 to _-l_-2Q V. Resolution 0.5%.
COLLECTOR VOLTAGE - VOLTAGE MEASUREMENT L L L L { L T ' Range 0O to -2 V. Resolution 5%.
-10
COLLECTOR CURRENT - AMP MEASUREMENT L H H M M . Range 10 to 10'6 A. Resolution 0.5%.
CYLINDRICAL ELECTRO-
STATIC FROBE
MATIN POWER ON/OFF STATUS M B D M L P Twice/orbit.
TEMPERATURE MONITOR - TEMPERATURE MEASURE- L L 4 L L T. | Range 200° K to 350” K, resolution 0.2° k.-
MENT
GRID VOLTAGE - VOLTAGE MEASUREMENT M L M L L T Range =3 V to 3 V. Resolution 1X,
CULLECTOR VOLTAGE - VOLTAGE MEASUREMENT M L M L L T Range 0 - 25 V. Resolution 1%.
COLLECTOR CURRENT - AMP MEASUREMENT M H M M M P Range 0 - 1 A. Resolution 1%.
SEARCH COIL MAGNETO-
METER -
MATN POWER ON/OFF STATUS M H D M L P Twice/orbit,
[+ ]
TEMPERATURE MONITOR - TEMPERATURE MEASURE- L L H L L T Range 200 - 350° K. Resolution 0.2 K.
MENT
GAIN CONTROL SELECT 1-4 ANALOG M M M M M 5 Range 40 db. Resclution 1%.
SPECTRAL CHANNEL
VOLTAGE SELECT 1-15 VOLTAGE MEASUREMENT L H H M L P Range 0 - 5 V. Resolution 0.5%.
WAVEFORM CHANNEL
VOLTAGE SELECT 1-3 VOLTAGE MEASUREMENT L H H M L P Range 0 = S V. Resclution 0.5%.
€ = Catastrophic L - Low P - Primary
H - High D - Discrete $- - Seccondary
T - Tertiary

__M - Moderate




‘Table 2-3.,

Physics Group:

Ambient Measurement Instruments (Concluded)

AHNEIRIHE
FUNCT 10N COMTROL DISPLAY 3 Eig; §§ § : § REMARKS /ROTES
EIRS| 8§18 8] 3
G = =Y <
_ee—,e—————— ======L=====b====i====== :=4=====J=====n====================================================:;:
BANDPASS CONTROL - ANALOG M M M M L s Range 40 db. Resolution 1%.
HEMISPHERICAL AMALYZER
MAIN POMER ON/OFF STATUS M H D M L P Twice/orbit.
TEMPERATURE MONITOR - TEMPERATURE MEASURE- L L H L L T Range 200 - 350° E. Resolution 0.20 K.
MENT
HIGH VOLTAGE COXTIXOOUS VOLTAGE MEASUREMENT M N h L M 5 Range S5 - 6,000 V. Resolution 1%.
SCAN CONTROL SELECT MIDE 1/2 STATUS H H D H L P
DETECTOR VOLTAGE - VOLTAGE MEASUREMENT L L M L L T Range 2,500 -~ 4,000 V. Resolution 1%.
DBTECTOR SIGNAL - ANALOG L | a ] «| | x| p | renge 10714 - 1077 A, Resolurion 11.
DETECTOR SIGNAL - COUNT RATE L H H M M P Range 102 - 105 counts/second. Resolution 1%.
AC ELECTRIC FIELD
MEASUREMENT DEVICE
MAIN POWER ON/OFF STATUS H 4 D L P Twice/orbit.
FIELD VOQLTAGE SELFCT 1-15 VOLTAGE MEASUREMENT H B H . § M P Range 0.6 V to 6,000 V. Resolution 0.5%.
TEMPERATURE MONITOR SELECT 1-2 TEMPERATURE MEASURE- L L H L L T Range 200° K to 350° X. Resolution 0,2° K.
DC_ELECTRIC FIELD HET
MEASUREMENT DEVICE
MAIN POWER . ON/QFF STATUS M ;| D ¥ L P Twice/orbit.
TEMPERATURE MONITOR | SELECT 1-2 msmwnz MEASURE- | L [ L I ) T | Range 200° K to 350° K. Resotution 0.2° X.
POWER SUPFLY VOLTAGE - VOLTAGE MEASUREMENT L L L L L b
GRID VOLTAGE - VQLTAGE MEASUREMENT M M - M M L 5 Range 0 - 50 V. Resolution 17%.
ACCELERATION VOLTAGE - VOLTAGE MEASUREMENT H M M M L S Range 400 - 600 V, Résolntion 1%.
FILAMENT CURRENT - AMP MEASUREMENT H M M M L S Range 0 - 5 A, Reseclution 50 mA,
BEAM DEFLECTION SIGNAL - DIGITAL M H M M L P
' € = Catastrophic L ~ Low P - Primary

H - High
M - Moderate

D - Discrete

$ - Secondary

_ T - Tertiary
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_ Table 2+3. rhysics Group: Particle Sensors

™E

FUNCT ION CONTROL DISPLAY REMARKS/NOTES

PARTICLE

SENSOR CLUSTER

RITICALITY
FREQUENCY
OF USE
RESBONSE
LLOCATION

C
DWELL T
o A

RESOLUTION

MATN POWER ON/OFF STATUS M H D M L
TEMPERATURE SELECT 1-8 rowearore seastre- | L 1 Ll o | v | v | 1 | mange 200 - 350" K. Resolution 0.2° x.
MENT .
GRID VOLTAGE "SELECT 1-5 VOLTAGE MEASUREMENT M L N L L T | range 0 - 2,000 v. Resolution 0.5%.
ELECTRON MULTIPLIER s ‘
COUNTING RATE SELECT 1-29% COUNT RATE M H | M M P Range 10 to 10" counts/second. Resolution 0.1%.
ION MASS SPECTRO-~
METER
MAIN POWER ON/OQFF STATUS M M D M L 5
TEMPERATURE ON/OFF - | staTus 1 L | o L |t T | Range 200 - 350° K. Resolution 0.2° K.
RF FREQUENCY SELECT 1-2 ) FREQUENCY MEASUREMENT M L i | L L T Range Z - 3 MHz. Resolution 10 EHz.
SAWTOUTH VOLTAGE . SELECT 1-2 VOLTAGE MEASUREMENT M L it L L T
GRID VOLTAGE SELECT 1-7 STATUS o1 L H L L TJ Ranga 0 - 50 V. Resolution 0.5%,
COLLECTOR VOLTAGE SELECT 1-7 STATUS M L H L L T | Range ¢ - 50 V. Resolution 0.5%.
COLLECTOR CURRENT - CURRENT MEASUREMENT H Bl e | n] K p | Range 10712 - 107% A, Resolution 0.5%.
€ - Catastrophic L - Low P - Primary
H - High D - Discrete § - Secondary

_ M - Moderate T - Tertiary



~

Table 2-4., Life Science Group: Vertebrate Cage Module

o
. B|Sul B 2| B &
o -
FUNCT 10K CONTROL DISPLAY 3 E 2] & E L) = REMARKS/NOTES
- © b s - e g
BEl1E°| 82|81 3
- o o -

ELECTROCARDTOGRAM

MAIN POMER ON/OFF STATUS M H D M L P | Twice/orbit.

RECORD SPEED SELECT 1-5 STATUS M H D M L P

CALTBRATION " | SELECT 1-5 STATUS M H D H L P

POWER SUPPLY - VOLT MEASUREMENT L L M L L T Range 12 V. Resolution l%.

VOLTAGE MONITOR

SIGNAL VOLTAGE SELECT 1-16 CRT M 4 M M M P Range 0-5 V. Resolution 1%. Hard copy amd/or interactivel
graphics display required.

ELECTROENCEFHALOGRAM ) B Same CLD required as for electrocardiograph.

ELECTROMYDGRAM Same C&D required as for electrocardiogran except 32
channelgs of gignal voltage to be monitored.

BLOOD PRESSURE B Same C&D required as for electrocardiograph except hard
copy and futeractive graphice not required. Nureric
display instead of CRT display.

RESPTRATORY RATE ' Same as Blood Pressure.

BODY TEMPERATURE

POWER SUPPLY

VOLTAGE MONITOR - VOLT MEASUREMENT L L M L L T Range 12 V. Resclution 1Z.

CALIBRATION ON/OFF STATUS M M D L L s

SIGHAL SELECT 1-16 TEMP MEASURFMENT L H L M M P Range 33-39% €. Resolution 1° C.

CAGE _ENVIRONMENT

TEMPERATURE CONTROL ON/QFF STATDS H L D L L T

TEMPERATURE MONITOR SELECT 1/2 TEMP MEASUREMENT L L L L L T Range 25419 C. Resolution 1° C. Primary alert status
required,

ECS FLOW RATE SELECT 1/2 STATUS H L D L L T

ECS FLOW RATE MONTIOR SELECT 1/2 i FLOW MEASUREMENT L L L L L T |. Range 0-5 V. Resolution 27%.

C - Catastrophic L « Low P - Primary
H - High D ~ Discrete S - Secondary
. M - Moderate T - Tertiary



B - High
:m = Moderate

D - Discrete

§ -~ Secondary

T - Tertiary

Table 2-4. Life Science Group: Vertebrate Cage Module (Concluded)
ol > =
) = O 2 5 ii E'
FONCTIOB CONTROL DISPLAY S E gl b § = & REMARKS/NOTES
= | gwl| 8 @ < g
BlE° g | 8] 2
= o & <
=M
BELATIVE HMIDITY SELECT LEVEL 1/2 STATUS M L D L L T
RELATIVE HIMIDITY
MONTTOR SELECT 1/2 HIMIDITY HEASURDIENT L L L L L T Range 60+10%. Resolution 2%.
pC0y CONTROL SELECT 1/2 STATUS H L D L L T
pCOy RONTTOR SELECT 1/2 C0O2 MEASUREMERT L L M L L T Primary Alert Status required.
p0, CONTROL SELECT 1/2 STATUS 1} E D L L T
pOy MONTTOR SELECT 1/2 °z MEASUREMENT L L M L L T ' Primary Aleri-Status roguired. )
TOTAL PRESSURE CONTROL | SELECT 1/2 STATUS u | lofjrir T
TOTAL PRESSURE MONTTOR | SELECT 1/2 PRESSURE MEASUREMENT L L .| L |t 1T 1 Primary Alert Status required.
WATER SUPFLY CONTROL SELECT 1/2 STATUS H L D L L T
ba‘HATER SUPPLY MONITOR SELECT 1-16 DISCRETE LEVELS 1-12 H L D L L T Primary Alert Status required.
i . .
yiu] FOOD WHEEL CONTROL SELECT 1-24 DISCRETE POSITION 1-24] L L D L L T
- (16 CHANNELS)
TLLOMINATION SELECT 1-10 LEVELS STATUS H b M L P
MONITOR SELECT VIDED L M M P Monochromatic on-board momitor, Color TV camera mey be
desireable for video transmitted to ground in support of
total Life Sciences Group.
CAGE ENVIRONMENT Same C&D requirements as for Vvertebrate Cage Environment
except Food Wheel Control not required.
¢ - Catastrophic L = Low P « Primary



Table 2-4. Life Science Group:

Biomedical Mensurements Dnit

_M -~ Moderate

‘T - Tertiary

S
Elgw g o & g -
NCTION CONTROL DISPLAY g § 8] & § 2 H REMARKS/NOTES
1= O, = 3 g o
- Bl 2 (28] 3
= = a <
LOWER BODY
NEGATIVE PRESSURE
PRESSURE DIFFERENCE VALVE PRESSURE METER C L M M M P Required at experiment location. Emergency relief valve
available to subject must also be provided,
LEG VOLIME MEASURING : : .
SYSTEM - M H H M H P Two required: left and right leg. Range -1 to +5%
: change. :
NULL ADJUST STATUS H . | M M 5! P Rull and gain controls used with Leg Volume Measuring
System Avolume display.
GAIN ADJUST STATUS M M M M M P
- M M M M H P Alert indicator required.
CABRIR TEMPERATURE - TEMPERATURE MONITOR M L M L H s
tlo CBAMBER TEMPERATURE - TEMPERATURE MONITOR M L M L M 5
' &'BODY TEMPERATURE - TEMPERATURE MONITOR c B 3 H M P Provides indication of subject status.
ELOOD PRESSURE - PRESSURE MONITOR c H H H H P Provides {ndication of subjesct atatus.
BICYCLE ERGOMETER
RESPIRATION RATE - FLOW METER H M M B P
FLOW METER CALIBRATION |SELECT 1-6 STATUS M L D M L s
HEART RATE - BEATS/MIN c H H M H P Provides indication of subject astatus,
BODY TEMPERATURE - TEMPERATURE MONITOR M H H M M P
BLOOD PRESSURE - PRESSURE MONITOR C H M M M B Provides indication of subject status.
ERGOMETER OUTPUT - WATT METER M H M M M P
ERC(METER SPEED - REPM INDICATOR M H M M M P
ERGOMETER MOTOR CONTROL|SELECT 1-12 STATUS M M D L L S
ELECTROOCULAGRAM
POWER ON/OFF STATUS N M D L L 5
C - Catastrophic L = Low P -~ Primary
H - High D - Discrete 8 « Secondary



i H - High
_M - Moderate

D - Discrete

S - Secondary

T = Tertiary

Table 2-4, Life Science Group: Eiomedical Measurements Unit (Concluded)
Fed F
38 § o E E
FONCTION CowTROL DISPLAY :a‘. gg § g : & REMARKS/NOTES
. - & 3 g
E o o
: o ? sl =] 5] 3
POWER SUPPLY VOLTAGE
MONITOR SELECT 1/2 VOLT MEASUREMENT L L M L L T Range 12 V. Resolution 1%.
AMPLIFIER GAIN/
CALIBRATE SELECT 1-6 STATUS M M )] M L [
SIGNAL VOLTAGE SELECT 1/2 CRT M B M M M P Range 0-5 V. Resolution 11.
BODY MASS MEASUREMENT
.} DEVICE
POWER OR/OF¥ STATUS X .| D L L s e
OSCILLATION OUTPUT - FREQUENCY M H B M M P
OSCILLATION CALTBRA-
TION SELECT 1-6 STATUS M M D L 1 ]
C = Cataatrophic L -~ Low P - Primary




port Test Unit

Table 2-4. Life Science Group:r Life Sup
of ol
ElSw § - E §
FOSCTION CONTROL DISPLAY § E Bl B § & >} REMARKS/NOTES
‘ gx| 2 3
El1ES| 5| 2| &
= o <
POWER ON/OFF (&) STATUS M L b L L T
VOLTACE MONTIOR SELECT POWER VOLT MEASTREMENT M L M L L T
SUPPLY/TEST SPECIMEN
)
TESY SPECIMEN CURRENT | SELECT 1-4 AMP MEASUREMENT M L M L L T
PRESSTRE MONTTOR SELECT 02 (1-4)/N2 PRESSURE METER M L M L M T 02 and N2 pressure alerts required (primary).
(1-4) .
FLOW MONTTOR SELECT 0, (l-ﬁ)lﬂz FLOW METER M L M L M T
(1-4)
Ozruz FLOW CONTROL SELECT 1-16 STATUS M L D L L T
TEST SPECIMEN TEMPERA-~
TORE SELECT 1-24 TEMPERATURE MEASUIREMENT M H H M M P
:Imrm SPECIMEN PRESSURE | SELECT 1-24 PRESSURE MEASUREMENT M H M M ¥ 4
W= YEST SPECIMEN WATER N :
~ FLow ) SELECT 1-8 FLOW RATE M B M ] M P Analog voltage display. Range 0-3 V. Resolution 1%.
C = Catastrophic L -~ low P - Primary
H - High D - Discrete 8 - Secondary

M = Moderate

T - Tertiary
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Table 2-5, Advanced Technology Group: Thermal Control Coating

Refurbishment

Elsul Bla] 2|8
I FUNCTIOR CONTROL DISPLAY § i gf g £ ; g REMARKS /NOTES
Btgel s8] & 3
1 2 o <
#z
SPECTROREFLECTOMETER Portable instnment; self-contained.
POWER OFF/STANDBY/ON STATUS | M D L L (P)
smcmé _ - CONTACT/NO CONTACT M M b L L (§3)
WAVEBAND SELECT 1-4 STATUS M ] D L L ()
REFLECTANCE DETECTOR OUTPUT N M M L L {P} | Resolution 1% required.
GAMERA Portable ingtrument used to record EVA operat {ons.
POWER OFF/STANDBY/ON STATUS M L b L | L (¥)
LIGHTS OFF/OoN STATUS N L D L } .1 (?) | Interlocked with above.
FILM - FILM REMAINING M L M L L (6] . Resolution 5 £t/500 ft.
COAT ING MONITORS
CATORTMETER OFF/ON/SHUTTER (4) STATUS M L D |'L. L P
CALORTMETER SELECT 1-4 SOLAR FLUX (4) M .| M L M P Resolution 1%.
SAMPLES SELECT 1-32 TEMPERATURE | H L M P Renge 150 - 350 K, resolution 1 E.
COATING REFURBISHMENT
EQUIPMENT
VACUTM VENT VALVE OPEN/CLOSED/LATCHED STATUS ¢ L D H L P
CHAMBER - PRESSURE M M M L M P Range 10™% - 107> torr.
METERING SYSTEM FLOM OFF/ON STATUS M M D L L P
HIGH VOLTAGE OFF/ON M M 1} M L P
VOLTAGE CONTROL VOLTAGE M M M L L P Range 0 + 3,000 V, resolution 10 ¥,
HEATER CONTROL CURRENT M M M M L P Range 0 - 10 A, resolution 0.1 A.
C = Catastrophic L = Low P - Primary

B - High
M - Moderatg__

D - Discrete

S - Secondary
T - Tertiary
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Table 2-5.

Advanced Technology Group: Oxygen Recovery and Biowaste Resistojet

ol >
E | 9w § o E §
FoeCT TOR CONTROL DISPLAY 2 Bl g | 2| ~| & REMARKS/NOTES
Slgxl 2153 8
Blgel g| 2| & 3
] = B8 <
m ———— —————— —— M
TANK. PRESSURE VALVE PRESSURE METER M M M M M |3
MATN POWER ON/OFF STATUS M L D L L T
MOULECULAR SIEVE m?crr POWER POWER MONTTIOR M M M L H H Analog controls required for all input power. Monitoring
may be implemented by single display with select fumction.
CATALYTIC REACTOR INPUT POWER POWER MONITOR M M M L M 5
ELECTROLYSIS INFUT POWER POWER MONTTOR M M M L M 5
RESISTOJET INPUT POWER POMER ‘MOWITOR M M M L M 5
PUMP OH/OFF {3) STATUS a L B M L |s
WAYER QUANTITY SELECT 1-6 STATUS H L D M L S
FLOW MONTITOR M L M M L 5
BESISTOJET CONTROL FIRE STATUS u‘ L D M L ) Thrust developed monitored by orbitor attitude monitors.
METHANE FLOW SELECT 1-6 FLOW METER M|l uw | vl w] uje
GAS COMPOS ITION - pCOz MONITOR (2) . | M M M M _P .
METHANE/HYDROGEN
MONITOR [ B M H M P Caution and warning required to monitor status of
combustible gas concentration.
PRESSURE MONITOR SELECT 1-9 PRESSURE MONITOR M L M M L s
TEMPERATURE MONITOR SELECT 1-15 TEMPERATURE MONITOR M L M M L E]
€ -~ Catastrophic L = Low P - Primary

H - High
M - Moderate

D = Discrete

8 - Secondary
T - Tertiary



Table 2-5. Advanced Technology Group: Liquid/Vapor Interface Stability (Fluid Management)

0c-¢

= >
- B w g 8 - g
FUNCT 10K CONTROT. DISPLAY 3 E 8] & = ~ &= REMARKS/ROTES
lgx| 1% 3] 8 :
ElE°| 8] 8§ 3
E - 2
m -
A graphic display is suggested providing a system diagram
including status of valves, pumps, vibrator and slosher,
and heaters.
FLUID TRANSFER VALVES (10) STATUS M M D M M P
PIMPS OR/OFF (3) STATUS M | D M L P
VIBRATOR AND SLOSHER SELECT 1-4 STATUS o M b M L P
EXPERIMENT MONITORS SELECT TV 1-6 VIDEQ (2) o B M # M | P Two monochromatic monitors required. Commercial quality
resolution adequate.
Z00M, PAN, TILT - M M M M M B
FILM CAMERA PAIR SELECT 1-3 STATUS M M D L L P
FRAME RATE SELECT 1-4 STATUS M M b L L P
FILM REMAINING SELECT 1-3 FRAME COURIS M M M R/8 L ]
ILLUMTNAT IOR ON/OFF (3) STATUS M M D L| v |¢®
TEMPERATURE ON/OFF (8) STATUS M M D L L P
TEMPERATURE MONITOR SELECT 1-15 TEMPERATURE MOWITOR M M M L M P
FRESSURE SELECT 1-9 PRESSURE MONITOR | M M L M P
FLOW RATE SELECT 1-9 FLOW MONITOR M M M L M P
PRESSURE AND FLOW
HISTORY SELECT 1-9 ACTIVITY HISTORY M M M L M P
RECORDER
C - Catastrophic L ~ Low P - Primary
H - High D - Discrete § = Secondary

. M - Moderate T - Tertiary
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Yable 2-6,

Experiment Attitude and Pointlnﬁ Control Subsystem

H - High
M - Moderate

D = Discrete

S - Secondary

T = Tertiary .

o
Bloul Bl | B[ 8
FURCT 108 CONTROL DISPLAY 5’ gy £ § = t= REMARKS/NOTES
' sl g=] 3 i 3 g
ElE°] 5| 2§ 3
® o <
MATN POWER ON/OFF STATUS Alert status required to monitor redundancy schemes or
malfunction status of control elements (i.e., sensors,
actuators, etc.).
EXPERIMENT /VERICLE
ATTITODE THREE AXIS CONTROLLER | VEHICLE ATTITUDE M H TBD | TBD| M P Assumes payload pointing accomplished by vehicle
atticude changes.

EXP/VEHICLE DISPLACE-

MENT M K H H M P Required when additional experiment pointing system
eaployed.

EXPERIMENT ATTITUDE M H H H M P Required if additionsal experiment pointing system
employed or for vehicle mounted experiments having
skewved coordinates.

STABILIZATION EXPERTMENT AND M M H M M S

VEHICLE RATES

STABILYZATTON ALERT M H D M B P Provides alert to excessive rate or attitu&e error
conditions.

VEHICLE ATTIIUDE MODE | SELECT 1-6 (TYPR) STATUS M H D M L P
CMG SYSTEM
PWER ON/AUTO/OFF STATUS M L ] L L T [Alert status of malfunctions required.
WHEEL SFEED - RFM M L M L L T
WHEEL CURRENT - AMPS N L M L L T
WHEEL BEARING
TEMPERATURE - TEMPERATURE MONITOR M L M L L T
MOMENTUM (H) MONITOR - By, By, By, By M M M M M S |Mowentum storage alert required.
MOMENTUM MANAGEMENT MODE SELECT 1/2 (TYP) STATUS ). | M D M 8
THRUSTER AITITUDE
CONTROL SYSTEM
THRUSTER INHIBIT ENABLE/INMIBIT STATUS M L D R L P Alert gtatus required of thruster malfunction,
TACS PRESSCRE - PRESSURE MONITOR L M M NAL L 5
€ = Catastrophic L - Low P - Primary




Table 2-6,

Experiment Attitude and Pointing Control Subsystem (Concluded)

z—

> =
- BElgsmi B1u) & 8
FUNCT ION CONTROL DISPLAY 'g g3 B 5 2 5 REMARKS /NOTES
= o a8 0 3
ElE°l 5| | & 3
& =] a <
THRUST DURATION SELECT DISCRETE STATUS M L D L L T
DURATION
RESOLUTION SELECT DEADBAND SELECT STATUS ] M D M L 5
DISCRETES
|
C - Catastrophic L = Low P - Prizary

H - High
M - Moderate

D - Discrete

§ - Sezondary

T - Tertiary




Table 2-7.

Data Management Subsystem

o
- BElD wl & w E g
- m (=]
FUNCTION CORTROL DISPLAY 3 Bz2| k 5151 % EEMARKS/NOTES
= 5 e ] 0 3
ElES| 81 8| &] 3
] = a <
mﬁ = - e T e e ———
TELEMETRY
PMWER CN/OFF STATUS H L D L L T
TRANSMITTER INPUT SELECT TAPE RECORDER/ STATUS M H D M L P
REAL T
TRANSMITTER OUTPUT ANTENNA SELECT STATUS M H D M L P
RECORDER PCOWER ON/OFF STATUS M B D L P
RECORDER MODE RECORD/ PLAYBACK STATUS M H D M L P
RECORDER TAPE
BEMATINING - FOOTAGE REMAINING M L ). | L L 8 Alert status required to wonitor low Footage and recorder
malfunction,
ONBOARD CHECKQUT
'} SUBSYSTEM
W monrToR cavrIoN AND
8; WARNING PARAMETERS - ORBITER FIRE, LAB C N/AJ D R L P Contiouous display of C5H parameters required. Dedicated,
FIRE, RAPID PRESSURE hardwired system recoumended, .
. LOSS, FUEL CELL
VOLTAGE, BATTERY PRES-
SURE, COMPUTER, WATER
PUMP, WATER FLOW, pO,,
pCO,, PNy, Op PRES-
SURE, N, PRESSURE, H,
PRESSURE, BUS VOL-
TAGES, FUEL CELL
TEMPERATURE, ETC,
MONITOR SUBSYSTEM . .
STATUS - ALERT INDICATION OF B N/A| D M L F Continuous automatic checkout performed by DMS computer.
‘ SUBSYSTEM MALFUNCTION RAM program recommended readout on CRT display in lieu
of dedicated alert indicators.
SUBSYSTEM DIAGHOSIS SELECT OCS MEASURE- PARAMETRIC DISPFLAY OF { M L M M M T
MENTS LIST SUBSYSTEM STATUS
MONITOR EXPERIMENT
STATUS INITIATE SELF TEST PARAMETRIC DISPLAY OF [ M L M M - § T
SUBROUTINE EXFERIMENT RESPONSE TO
STDMULI
¢ = Catastrophic L = Low P - PFrimary

H - High
M- Ho_derate

D - Discrete

S - Secondary

T - Tertiary




Table 2-7. Data Management Subsystem (Concluded)

gC—1.

ol P
' ElSul Bl g | Ef B
FUNCT ION CORTROL DISPLAY 3 gg 5 § ; § ARMARXS/NOTES
= I'.
Elecl gl 8{&) 3 |
g L <
FROCEDURES SELECT EXPERIMENT/ PROVIDE DESCRIPTIVE M H H H M P .
SUBSYSTEM DISFLAY OF OPERA-
TIONAL, BACKUP, AND
FAULT ISOLATION PRO-
CEDURES
| ¢ -~ Catastrophic L - Low P - Primary
H - High D - Discrete 8§ - Secondary
M - Moderate T - Te‘r_'tigry_




Tabhle 2-8.

Environmental Control Subsystem

FONCT ION

BIN PRESSURE PRESSURE MONITOR L

BIN TEMPERATURE

BIN GAS SUFFLY
HPERATURE

2

NIFOLD PRESSURE

D PRESSURE

TABLE Hy0 SUPPLY
STE Hy0 supPLY
DCIDE TANK QUANTITY

CUMULATOR PRESSURE
DOLANT) '

MP DISCHARGE PRES=-
RE (COULANT)

DIATOR QUTLET
MPERATURE

DIATOR MIX
MPERATURE

BLIMATOR QUTLET
MPERATURE

TERCQOLER INLET
YPERATURE

EL. CELL HEAT EX-
ANGER INLET
YPERATURE

VALVE

TEMPERATURE CONTROL

TEMPERATURE CONTROL

DISPLAY

TEMPERATURE MONITOR
PRESSURE MONITOR
PRESSURE MONITOR

TFMPERATURE MONITOR

PRESSURE MONITOR
PRESSUKE MDNITOR
PRESSURE MONITOR
PERCENT MONITOR
PERCENT MONITOR

PERCENT MONLTOR
PRESSURE MONITOR
TEMPERATURE MONLTOR
TEMPERATURE MONITOR
TEMPERATURE MONITOR
TEMPERATURE MONITOR

TEMPERATURE MONITOR

TEMPERATURE MONITOR

CRITICALITY

Sul &1 3
Eal £ | &
oL, o
gsj 2| 8
a -
L M M
L M H
L M M
L M M
L M M
L M M
L M M
L M N
L M M
L M M
L M
L M N
L M M
L M M
L M M
L M M
L M M
L M M

DWELL TIME

[

-

ALLOCATION

|

L

REMARKS/NOTES

NOTE: The criticality assignments in
this table are applicable to the C&D
usage during normal housekeeping
operations. Critical functions,
denoted by *, are monitored contimu-
ously by the C&W subaystem.

€ - Catastrophic
H - High
M - Moderate

L - Low P - Primary
D - Discrete § - Secondary
T - Tertiary



Table 2-8, Environmental Control Subsystem (Concluded)
ot
E|lSu| E|x) 2] & :
FONCTTOW CONTROL DISPLAY 3 E 2l els| " § REMARKS/NOTES
=] [
Elge|l g} &8 § 3
& o < |
w — —
UMILATOR PRESSURE
a) - PRESSURE MDNITOR L L M M L T
P DISCBARGE PRES-
E (By0) - PRESSURE MONITOR L L M 1] L T
P DISCHARGE
PERATURE {1120) - TEMPERATURE MONTTOR L L M M L T
IN HEAT EXCHANGER
ET TEMPERATURE - TEMPERATURE MONITOR L L M M L T
TION EETURN
PERATURE - TEMPERATURE MONITOR L L M M L T

= Catastrophic
- High
- Moderate

L - Low
D - Discrete

P - Primary
8 = Secondary
T - Tertiary
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Table 2-9. Electrical Power Subsystes

o
Elgu| Bl g E| 8
FUNCTTON CONTROL DISPLAY 3 g B8 8| 8 - g REMARKS/NOTES
= B
ElE°l 38| E| 3
= o a <
HOTE: The criticality assignuents in
this table are applicable to the C&D
usage during normal housekeeping opera-
tions. Critical functions, demoted by
*, are monitored continuously by the
C&W subgystem.
FUEL CELL VOLTAGE VOLTS L .| M .} L 5 *
FUEL CELL CURRENT AMPS L M N [} L S *
COOLANT TEMPERATURE of L M M M L 5 *
WATER SEPARATOR
TEMPERATURE oF L | M M OjL s *
0, PRESSURE PSIA L M oim INM L s
Hz PRESSURE PSIA L ¥ M .4 L s
0, FLOW RATE LB/HR L M M ¥ JL 8
HZ FLOW RATE LB/HR L M M M L ]
BATTERY VOLTAGE VOLTS H M M M L s Alert gtatus required.
BATTERY TEMPERATURE of | M o M L 8 [|Alert statuz required.
BATTERY CURRENT AMPS H . § M M L s Alert status required,
REGULATOR VOLTAGE VOLTS H L} M M L S Alert status required,
REGULATOR CURRENT : AMPS L M M M L s
C - Catastrophic L -~ Low P - Prinary

. H - High
.M - Moderate

D - Discrete

§ - Secondary
T - Tertiary B



SECTION 3

C AND D GENERIC DEVICE MATRIX

3.1 PURPOSE

The purpose of the following C and D generic device
matrix, based on Tables 2-1 through 2=9 of Section 2,
is to identify general categories of C and D types
which are candidates for use in performing experiments
onboard advanced spacecraft. No attempt is made to
select specific hardware, but rather to define general
device types which could satisfy the functional
requirements.

3.2 DESCRIPTION

The C and D generic devices are tabulated for each of
the five scientific disciplines and support instru-
mentation in Tables 3-~-1 through 3-6,

The Function column contains those functions for

which control or display requirements exist, e.g.,

"Main Power On/Off.'" The Use column is subdivided

into specific experiments within a disciplinary area,
e.g., for Astronomy Group (Tables 3-1) "Photoheliograph."
This column contains the number of instances where the
control or control requirement in question will be used
within that experiment subgroup. For example, an entry
of "7" in the "High Energy Arrays™ column, opposite
"Main Power On/Off," means that there are seven separate
instances wherein main power control mist be implemented
for the high energy arrays.

The "Control" column is subdivided to reflect generic
control devices which can be considered to implement
the functional requirements, as follows:

Switch, lasting

Switch, momentary

Switch, rotary

Keyboard

Multi~axis proportional controller
Continuous controller



Entries in this column represent preference of the
control device for a given function, "1 denoting

first preference, "2" denoting second preference,

and "3" denoting third preference.

The "Display'" column is subdivided to reflect generic
display devices which can be considered to implement
the functional requirements, as follows:

Switch position (panel nomenclature)
Status indicator

Multifunction display

Numeric readout

Analog readout

2 axis null detector (cross-pointer)
History recorder

CRT monitor

Corresponding numbers in the "Display" column list
the recommended display for each control device
specified, e.g., a control type which is rated "2"
goes with a display type which is also rated "2."

The "Remarks" column is provided for inclusion of
pertinent remarks, references to notes, and similar
entries. Initial numbers, e:;g., "2:" refer to the
preference rating numbers in the "Control' and
"Display" columns.



3.3 DEVICE MATRIX TABLES
The C and D generic device matrices, which identify
general categories of C and D types considered
candidates for use in scientific experiments and
support instrumentation, are as follows,

TABLE 3-=1 ASTRONOMY GROUP

TABLE 3=2 EARTH OBSERVATION GROUP

TABLE 3-3 PHYSICS GROUP

TABLE 3-~4 LIFE SCIENCE GROUP

TABLE 3-5 ADVANCED TECHNOLOGY GROUP

TABLE 3~6 SUPPORT GROUP

A portion of Table 3-1 is given below as a typical example,
In this case the Astronomy Group experiments are considered.

Table 3-1, C&D Generic Devices: Astronomy Group

The function '"Main Power On/Off" is used once in each of
the first six experiments. An entry of seven for the High
Energy Arrays appears since the function ocecurs once for
each of seven different array experiments.

A lasting switch is indicated as first preference in the
control column. The primary reason for this Preference is

due to the criticality of the function, which was ranked M
(medium, results in loss of or degradation of data) in

Section 2. As the loss of this function results in the
operational loss of an entire experiment, a redundant dedicated
hardwire interface is preferred. This interface is most readily
satisfied at the C and D Console through the use of g toggle
switch, employing redundant bus feeds, switching contacts and
interface wiring. Further, consldering the low ranking in
terms of Frequency of Use, Response and Dwell Time indicates
that this function does not warrant inclusion in the primary
command interface area of the Console. The use of a switch

3-3

USE RENUIREMENT ] CONTROL DISFIAY
T . i
I £ - g g 'é‘ | | o
et AL WEE JHEN T BT
8 g : 8 a" B hed] :g g b 25 =4
I A APEE S EEEY Egl BlE | & gag | B
8 iEg i8S IHEE R R R E R EE
THHNIE il B E BIE BEEE 52| 3[5E| 2 328 &l ¢
T35 B& m) E| 2 AR 2% G|75| 2| 5|BH 4| &
MAIN POWER ON/OFF 1 1 1 1 1 ? i o3 2 1| 3 2| j
DOUR OPEN/CLOSE 1 R T I Y 2 1 .l [ e
LALNCH LOCKS LOCK/UNLOCK 1L
W




in lieu of a dedicated function key allows this function
to be accommodated in the peripheral area of the Console
or on a remote console dedicated to infrequently used

payload activation and housekeeping monitoring functions.

The alternative of a keyboard command is acceptable as

the primary control source, provided adequate system level
reliability is incorporated. This reliability may be
implemented through redundant keyboards (or on-board
replaceable plug-in keyboards) and redundant interface
wiring as may be inherent to the design of a multi-operator
crew station. A keyboard may also be used as backup to a
non-redundantly wired switch command, thereby minimizing
interface wiring complexity while maintaining system
reliability through command redundancy.

The use of a momentary itype switch was also considered
and ranked last. This type switch provides equal
reliability, through redundant wiring, as the lasting
type switch but has no. built-in memory and therefore
requires an additional status indicator. The penalties
in terms of additional panel space, power and interface
complexity were considered to override the advantage of
positive feedback.



Table 3-1. C&D Generic Devices: Astronomy Group

USE REQUIREMENT CORTROL DISFLAY
| i
o 1
2o al 3 g 2 I RE-E
FURCYION £18 5 8 g% 2 E b= 2 §4 = g ;E g !
a8 8l ol 2 s E|E S £ S8 | Blz|3d 3] < ¢
R AR 2l 8] & @ ] 5i % @ e o 2F olg g 3 25 o 5 i
- I-I: - 8 & x af b 1] 8 = l_: l
2 ESE| Bl 3 & 41 =l8[E383 =2 Eg ) o ®f=e Dt E
BIEZ g é & =] £} = it X = S oo g =
§ o E o [X] 2 o o : - [T ) gHé I3 3 i a E
SHEY BEE HHHH L RR I EHEHE S BE
E 98 ;: Em =8 - m Bl m| w o x:!-us %q »iEQl = f o T§ L
MAIN POWER OM/OEF uporpoaf 1| rl 1 7 1 3 2 1{ 3} 2 2: See Rote 1
DOOR QPEN/CLOSE t] i 1] 1| ot - 1 2{ 1 1: See Note 1
LADNCE LOCES LOGE/UNLOCK. if ] o} ] - i 2 1 2 2: See Bore 1
THERMAL CONTROL (M/OFF v ot} o oafa] - 1} 3 2 1| 3] 2 i Be2 coen .
THERMAL MONITORING i 1} 1! 2} 1)1 - - 1§ 2 2 1 2: Ses Note 2
FOCTS MODE AUTO/MAKUAL tl -t - -] - -] - i 3 2 1] 3| 2 2: See mote |
MARUAL FOOUS CONTROL iy - -] -f 1| - 1 1
ALTQNMENT MODE SELECT vy of -] -] - -] - 1 3 2 1] 3} 2
ALIGNMENT WANTAL CONTROL 1] v -} -7 11| - 1a 18
IMC OVEREIDE 1 -5 - -1 «] -] - 1| a 2 1} 3] 2 2: See Fote 1
1) vpaf -frlf oz 1] 2 3 1] z| 3
HIGH VOLTAGE OW/OFF Y N B D I B PP 2| 21 1 2 1 3: See Note 1
% SN [N Sy i B 1| 2 1 2 .
VAVELERGTE SELECT I B A el (e X : |2 ! 12: see Nore 1
MONITOR iyt -j1ff - 1
MASTER DATA START/STOP ) [N R R R R 1 2 1} 2 2: See NWore 1
THSTHUMERT POWER ON/OFF 3, - -] -1 -1a 1 2] 3 1 2 3 1 l: See Note L
MODE CONTROL SELECT 3 -l i |a] o1 3t 2| 1 23] 1 I |i: see note 1
: '
DATA ACOUIS ITIOK 301y 3| )2l 2 1 2| 1 i fi: See Hoce 1
START/STOP : ! . i ;
[ ] i
T A I 2| 23 1 213} 1t : : .
FRAME RATE SELECY e Y I . 3l 2! g 2f 3 1 1 ; , 1: See Note 1
H | H
[ !
FRAME CONT iy z|ag -t - ! _ 1} 2 ! :
N i ‘ i ) ;
GRATING SELECT IX/OGT I -1 -, -1 1 ! E: 1 2 1 { ! . 1: See Mote 1

¥ote l: Discrete status indication Trequired on multifunction display.

e Bote 2: Analog readout required on multifunctlon display.



- Table 3-1. C&D Generic Devices: Astronomy Group (Continued)

9-£

TUSE REQUIREMENT CONTROL DISFLAY
1 ) . N
= P v a |
a 1+ H - e
= m - ol < =] | B
FUNCTION % g = § ZlEly = §.q[ g Slel{.Bl 5 BEMARES
g 2 & Bl B m]| = I = E 2l S8 2 2 ol 8
ITHEEHE HEHRT P HHAHHSHE
ol bl [5) L= = =] = At
5 I F g 3 g 5 ."-‘- m‘ :':' a ; T g -1 A" Y E = 3 8 E = S
Egal3lg Bl 5l EIElE 24 S2l Sk 1R8] 8|
I B8 LIEE = E| 2 HEAHE:EEE 2Si BBE S5 218
MIEROR POSITION SELECT - 1 - - - - 2 1 2 [t 1: See Note 1
GIMBAL POINTING MODE 1 - - - - 1 2 1 2 ]
SELECT
GIMBAL POINTING MANUAL =t 1y -7 - -1 - i 2] 1 2 1 : Threa 4 digit numeric indicators raquired 1
CONTROL on MFD
"
DOOR AUTD CLOSE - 1 - - - - - 1l 2 3 1 2 .'ﬁ 3: See Note 1 E
NORMAL, OVERRIDE : ) :
FILTER SELECT =1 -] 1t -1 -71 - 2] 1 2 1 2: See Note 1
INSTRIMENT SELECT 1 - 1 - 1 - - 2 1 s 2 1 1: See Note 1
EXPOSURE EANGE SELECT - - i - - - - 2 i 2 1 1: See Note 1
SLIT SIZE SELECT - - i - -1-1 - 2 1 1: See Note 1
SCAN RANCE SELECT b B Y T O O 2 2] 1 2 1 L: See Note 1
SCAN RATE SELECT R B e zf oy \ 2 1 . 1 See Note 1
SCAN STEP SIZE SELECT LR A 5 SR S A - 2]l 1 2 1 1: See Note 1 :
VSGAR SEQUERCE SELECT - - | - - - - 4 1 4 b3 1: See Note 1
SCAN COUNT = -1 ¥y -1 -1 - L 1y 2 t: Five digit numeric indicator Tequired on
MFD
CRYSTAL/GRATING POSTYION -1 o~ 1l -1 -1 - 1 1a} 1B LA:  Four digir numeric indfcator required on
UP/DOWN MFD
CALTBRATI(N INETIATE -y - 2 - 2 3 6 2 1 2 1 . H 1: See Note 1
H - ]
' H
SPECTRUM MOMITOR RECORD/ - =1 2 - .l L - 4 7 : . I3 ! Paper tape recorder required. Two channels
REVIEW ; H i tminicum,
. r N
H H ' L] b
DETECTOR COUNT - -i 3| - i “ ! - 5 1 2 i I | 1: Numeric readout required on MFD
: i i i
APERTURE MODE SELECT - "; 1 - ] - - - ; 2! 3 L 2 3 1 ' ! 1: See Note 1
AUTO/MANTAL o [ : I :

Bote 1: Discrete status fndication required on multifunction display,



Tahle 3-1. CA&D Generic Deviceg: Astronaov Group (Coaticued)
CSE REQIREMENT CONTROL DISPLAY
i !
] > g H
x o - o8 . = |8 = 8
FUNCTION 3 § o é E = E g E,\ig § gl & 8
. BE! :
ehe 8 E5lels 118 o SEIE [318E4 8|
& s|s Ele a B B g § g E E 2|8
o E E g' =2 E =] = o o —
B Slelg AR = o TN
2] ﬁ =& E 81E R Sm|lA LS & § ﬁ a %
Sl s.8%|313 = ™ E Ex b BHL vl e
HEHEMHE AHHEEE FHEEHHEHELF
[ Q| » Ixm] ~ ) E] @ | W ] X QO oy =] m o) x 5 ) = E
APFERTURE MANUAL CONTROL - - 1 - - - - 2 1 1 o 1: See Nota
INCREASE/DECREASE
PEA GAIN SELECT - - 1 - - - - 2 2 1 2 1: BSeeNote
FILTER HEATER Oi/OFF - - 1 - - - - 1 2 1 2: Sea Note
DISCRIMINATOR LEVEL - - 1 - - - | 2 2 1 2 1: Sea Note
sELECT -
FLABE ALERT ENABLE/ - - T - - - - 1 2 1 2 1l: See Hote
INHIBIT -
EXPOSURE/SAMPLING -l <1 <1 L) -] - - 2 1 2 1 1: See Note
DIRATION - - - - - 2 2z 2 1 Fd i
FLARE MODE ENABLE/ N -1 -1 -t 1} -1 - - 2 1 2 i 1: See Rote
INHIBIT
I N I 2 I e 1 1
D OR
ETECTOR GAIN S A I 2| 1 2 1 1: See Note
DETECTOR RATE - - - R - 2 2 1 2 1 1: See Nete
|
DETECTOR BIAS - - - -1 2 - - t 1
DETECTOR TEMPERATURE 2 1 1
4 1 2 1 2 1 1: See Note
DETECTCR SELECT 1 4 2 1 2 1
ZERO OFFSET - - - - 1 - - 1 1
DETECTOR ELEMENT SELECT - -{ -1 -1 1} - - 2 27 1 2 1 1: See Note
1 i
! :
CRYOGEN CCOLING ON/GFF SRR S S I W G 1 2 1 2 2: See Hote
HIGH VOLTAGE LEVEL SELEcT | -1 - -i -! -f -] 1 2} 1 2 i) ' h: See wote
N ) ! i
AIRLOCK OFEN/CLOSE AT AR EEN AN 1 3 2 1{3] 2 I [z see tote
1 []
t i | I
CALIBRATION SOURCE = B ) |1 1 2|1 2 1 X ; + 1 see wote
SELECT P : ! ! i
Bote 1l: Discrete status indication required on wultifunction display.




Astronomy Group (Concluded)

C&D Generic Devices:

Table 3-1.

REMARKS

See Hota 1

I:

DISFLAY

MOLINOW 142

WATYOOdE AHOLSIH

(9Ld-%) ¥0lD3iaa
TUIN 81XV OML

LNOIVAE DOTVNY

JAOUVER O1¥AWNN

AVIdSIQ
NOTLONAA TLTNR

HOLYDIQNI BNLVLB

T (naron TENv4)
NOLLISOd HOLIMS

CONTROL

YATIOULROD
SNOOKILNOD

[~ WITICTINDD 'TYRDIL
-H0J0Wd SINV-ILTN

aEYOaRaA

ANVION ‘HOLIME

2]

AYYINTWOW 'HOLIMG

ONILEVT 'HOLIME

USE REQUIRENMENT

BAVYY ADUWANT HOIH

IIT 340050lvdle

4400813l ¥l

Y3LIHOULOAA S
ANX

AI00ETTAL Avid-X

SHAVUOYNOH0D
19011 11K Tvd

HAVED01 THHOLORd

FORCTION

X-RAY ALERT

IMecrete status indicatlon required on multifunction display.

Fote 1:
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Table 3-2.

C&0 GCeneric Devices:

Earth Cbservation Group

USE REAUIREMENT ConTROL DISFLAY
I3 . : |
g i ¢ Bl.| iE 5 |8 g &
rovcrzos 2l 55 : g: g FHREESE s
7 o o= A 3
Eﬁaas§u§§ 3 §! |=H=s GEcelE | 3|31E%5! 8
ol EEERZEE B g SRR YL - M EERE
AR R BRI T EEEEEEEHEE:
2| 2E5REEEII|EIET (5|8 8| E55st HHEEEE B
53| 2358 2|Eigd 15|35 5|8{5488 PHERHEHEL
POWER ON/CEF 3] 20 1) f 1{ 1 1|1 H 3 1 zf 3| 1 1: See Bote 1
FRAME COINT 3 - -] - - 4 -1 1 2 1: See Note 1
2: 5 digit auwweric display
DATA ACQUISITION |l 2 1] ] -1 1] 1 2 1 2| 1 L: Sea Note 1
START/STOR
CAMERA SPEED SELECY 1 I VS B R R B R R ! | 2| 1 z| 3t 1: See Hote 1
£-STOP SELECT 2l -\ < -] -t -] 4-]12 2l 1 2 1 1: See Rote 1
IMC OF/OFF ay 1 1 -1 -} -] -] 1| 3 2 1| 3] 2 2: See Rore 1
TEERMAL CONTROL OH/OFF aj 2| -] - t]| 3 2 1| 3} 2 2: See Wote 1
THERMAL HONTTOR 3l 2 1] bl 1) i 2 2} 18] 1a 2: See Bote 2
DOOR OBEN/CLOSE sl - 1] =1t qf 3] 2 1 3| 2|1 1: See Kore 1
INSTROMENT(S) fCAMERA(S) 1 1 1 2 1 2 1 1: See Note 1
SELECT
FILTER SELECT 1 2 1 2 1 L: See Note 1
DETECTOR CURRENT SELECT -1 2{ 1 2 1 1: See Note 1
PONER SUPPLY VOLTACE ozl af s y| 2 2 1 2: See Hote 2
MOS TTOR
CALIERATION STATUS S T N I | 2 1 2|1 1: See Note 1
CALIERATION MODE SELECT 1 1 1 2| 3 1 z2f3f1 1: See Hote 1
AUTO/HANTAL .
1 1 .
; i
MANUAL CALTBRATION RATE | | 2 1 2 1 i L: See Note 1
SELECT HIGH/LOV Y | :
) ; | ! !
ANTESSA STEERDS -2 AXES E : | 21 2} 1! ‘ |2 see wote 2
b _: i : -
RANCE SWEEP SELECT : 1ot SRR E 1 2 1 ! ! it see wocen
: i | | ;
GATX CONTROL RIS RS i 1 i = ! T

Discrete status indication required on multifunction display,

Analog readout required on sultifunction display.




Table 3=}, CBD Generic Devices: Earth Observation Group (Comcluded)

0T~-¢

CSE REQIREMENT CONTROL BISPLAY
1 . 1 '
P 5 8 ” ”
- o o & wl &
FoRCTION <_,§5_. 5 2lE1x| i3 EoiEle |B g[8l 2 REHARKS
2 wgﬁg @ | 3 & = H HE 9:—4 '5'::: 8 o
eGaRoBE B 280 (325, i28ss gsgsgawaa
=1 3|3EEESZE Bl IE8 |51 e0598] = Bl o Blagl D) E
FIEIEIEE05RE 213128 (£15 5181842 sgiaiEsl 2 g f55 5|8
=§u§”w§sg§m E::E'gsg IsE:Eggﬂc“?@i
R EE e BB ERHBEHEBEE L BEEHEIEIREE
1 2 1 2 1 1: See Note 1
ANTENMA TILT SELECT 1 2 1 1
RECEIVER SENSITIVITY - - 1 - 1 1 3 2 1: See Note 2
MNITOR b
TRANSHMITTER POMER MONITOR - - 1 - 1 - -11 1 3 2 1: Ses= Fote 2
BADAR DISPLAY - 1 N L "A" Scope Display
11 1 2{ 1 2§ 1 ’ 2: See Mote 2
HIREODR POINTING 1 1] 1 1 z 2 1 Gbaervation telescope requites display only.
DETECTCR VOLTAGE MONTTUR 1 - 1 1 2 1 1 2 1: See Bote 2
1 2 1 2 1 1: See Note 1
HWESFLELT 1 1 2 1 2 1
RANGE MONITOR 1 1 2 1: See Nore 2
HIGH VOLTAGE ON/OFF - - - - - - -1 - 1 1 3 2 1 3 2 2: See Nota 1
EXPOSURE DURAYION SELECT E . L . 3 2 1 .3 2 1 l: See Hote 1 4
TARGEY HOSTTOR ! 1 2 1 1 1
i
s | '=
- [
: Do . f
i | f i i
: H N
SR | |
i ' | i
: | ! : i
i i : . N
‘ I ' i ! ! i ! .

Hote 1: Discrete status indication required om wultifunction display,

* ..-Hote Z: Analog readout required oo sultifunctiocn display. _




- Table 3-3. C&D Generic bevices: Physics Group

11-¢€

USE REX [RENENT CONTROL DISFLAY
b 1 .
’ Es ] & | !
E!ﬁ =2 ol 2 e =z | 8 = 8
2Pz (2 & E g 8. ¢g Eiul kg REMARKS
FONCTION g o E & < HE g |E g g .E.-!Je 8 = b
= B @ ot 4 = -1
HHE 318 ety | |EREEC13 gt g
A MCEE §s§§;za EEEEEEEEHE
ECalzEi s JHEHE SRR EEHHLHE
2EEEE S g1 3|3|al2d35 e ACE R HEls
MAIN POWER GN/OFF ’ s 3| 2 2| 3 1 2t 3f 1 1. See Hote 1
THERMAL MONITOR s & 11] 2 1 2 2 1% 1A 2: See Note 2
1 1{ 3 2 1} 3l 2 2: See Wote 1
HIGH VOLTAGE OW/OFF 1 1 1
POWER. SUPPLY VOLTAGE 3l &l & i 2 2 1 2: S5ee Note 2
WONITOR
1 - 2 1 2 1 1: See Bote 2
GATH CONTROL g 1 1 1
1 2] 3 1 2| 3j 1 1: See Rote 1
CALTBEATION MODE 1 2] 1 2 1 1: See ¥oze 1
CALTBRATION STATUS 1 1 2t 1 1: See Note 1
DETECTOR SELECT 3 2l 1 2 1 1: Sems Note 1
BERTECTOR MOWITOR 4 i 1 ) 2 : i 2 2 5 digit oumeric readout
IMC ONSOFF l‘I i 1 3 2 1| 37 2 2: See Hote 1
STGNAL SELECT 1} i 2| 1 2 1 1: See Note 1
SCAN SELECT 3 2] 1 2 1 1: See Hote 1
SLIT SIZE SELECT 1 2l 1 z 1 1: See Note 1
CHATING POSITION 2 1] 2 : See Note 1
i 5 digit numeric readout
DOUR OPEN/CLOSE 1, ; 3l 2 1 3201 ' {1: See Hote 1
: i H
SPACE IMAGE TUBE MONTTOR L R ! : 1 ! |Besolution: 1000 TV lines
o Vg i H Frame Rate: 1/min
IMACE ISOCON TV MONITOR z ; i 1] | |Resclution: 500 TV lines
oo X i i Frame Rate: 2/sec
. 4 i
TRANSKITTER POWER zi | i | ! | 1 1 i ;

Bote 1: Discrete status indicatlon required on multifunction digplay.

~-——Note 2: Analog readout required on multifuacticn display. : - R




Table 3-3, C&D Generic Devices: Physics Group (Concluded)

ci-¢

CSE RIOCIREMENT CONTROL DISPLAY
[} . '
EE;E - éu H o) A e
£E |8 IEHIEE z B |slsl Bl
FINCTION 2 “‘E'E ' 2 £ g2 2o gz 1818 (1E| 2 REMARKS
glEEs. 5 FiE1E] ioHes EREREE P
Blcgig s 3|8 EEEE - EREIELIEIR:
- NI R 2 gL o | 2188 »| B
R EE AR ERRE sg 22305 |8 (48] | ¢
P EIEIE|BEEE | BT EER lE E|:
& ig o RESERERGE L a> B[Ea] 2 HEIE
FREQUENCY CONTROL 121 ) 1 1 :
BANDWIDTH CONTROL 7 1 1 4
INSTRIMENT SELECT 1 2} 1 2 1 1: See Mote “
COLLECTOR CURRENT MODULA- 12 1 Oscilloscope Lispiay :
TION MONTTOR
CARRIER LEVEL CURRENT 2 1 Oacilioscope Display
MONITOR
SWEEF MONITOR 2 i Oscillogscope Display
GRID POTENTIAL 2| 2 1 1
COLLECTOR FOTENTIAL 2 1 1
SENSOR WOLTAGE MONITOR 16 Ai 2] 1 t] 2 1: See Fote 2
SENSOR CURRENT MONITOR ' 5 xl 2i 1 1] 28 2a 1: See Note 2
SENSOR FREQUENCY MONITOR S S I 1 2 l: See Note 2
i HE :
BANGE SELECT 1 I' 2l 1 2 1 L: S$ee Note 1
BANDPASS MONITOR [ 1 2 1: See Note 2
MODE SELECT 1 ' 2 3 1 23}t 1: See Note 1
1
! 1
t |
1 1 i
i i !
. H ! | I
R B i I i
. . i | ! i
. H ‘ { i
! ! i :
Lo i l |
! l ' i ;
! 1

!Hnte 1: Discrate status indication required on wultifunction display.

~—-- -y Hote 2: Analeg readout required on multifunction display,
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Table -4, CA&D Generic Devices:

Life Science Group

USE RN IREMENT CONTROL DISPLAY
; ; P
ol o= 1
u |2 o5, 1 EZ z 8 |t l.BlE
FONCTION 313 d & £ B3z {28 El sEuRe
_‘ H a & E 5 o 1 E‘I >'< 8 of
e ek, 31818 &y gdi 2\E | 2| 3ES|E |
s |2 E'E‘; 2] Sl A g = 8 8 = I a 5 d o ] =
- a o E E E 5 Ce|E 2 woall o - = E ]
E E ot o1 | — [ ZN—] E — 5 o 5 E =] %
ek EIE|E|EEEER | |5 EISH 8| 3RE|% |k
FEE 51212 |3E588 N EEH T HELE
MAIN BOWER ON/OFF 5 2] 1 2 3 t 7 31 1: Sae Wote 1
EECORD SFEED SELECT 5 1 2 1 2 2: See Note 1
CALIERATION COMMARD 6 2l 1 2 1 1: Ses Rots 1
POWER SUPPLY VOLTAGE s] 1] 1 1 2 i1 e Tald 2 )
MONITOR ; -
3|l 1 1 1: See Bote 2
SIGHAL VOLTAGE 2 t 1] 2 fard copy and/or interactive graphics display
required for Vertebrats Cage Module
TEMFERATURE MONTTOR i 2 2 { 1 2 i: See'Note 2
TEMPERATURE CONTROL ON/OFH 2 1] 2 2 1] 3 2
2 I 2 3 1 2] 37{1 1: See Note L
ECS FLOM RATE CONTROL 1 i zl 1 2 1 I: See Hote 1
ECS FLOW RATE HORITOR 2 1 | 1 2 1: See Note 2
RELATIVE ROMIDITY CONTROL ¢ 2, ; 2} 3 1 2l 31 1: See Kots 1
i ) i .
EELATIVE HUMIDITY MONTIOR | 2 i 1 2 1: See Nota 2
pCD, CONTROL 2 i 2] 3 1 213l 1: See Hote 1
pCO, MONTTOR 2 i 1 2 1: See Note 2 :
p0, CONTROL 2 1 i 2| 3 1 2] 3|1 1; See Kote 1
'
0, MONITOR 2 1o 1 2 Dl see Wore 2
TOTAL PRESSURE CONTROL 2l o 2| 3 1 231} | b li: see Wote )
H i ' l i
TOTAL PRESSURE MONITOR 2 S 1 P 2 I f1: see ¥ore 2
o . | i
VATER SUPPLY CONTROL 2, b % 2| 3 1 2ja || t i |1: see Wore 1
! 1 : ! i !
UATER SUPPLY MONITOR 2. ' B : 2b 1 i 2 1 I Y1: see Note 2
N . N 1 H i
SRR : ! | ~
Hote 1: Discrete status indication required oo multifuncrion display.
JHote 2: on myltifunction display.

Analog readout required




Table 3-4. C&D Genevic Devices: Life Science Group {(Concluded)

vi-£

USE REQUIRIMENT CONTROL BISPLAY
) ! ]
g . g |
% 3 i B al &
i
FUNCTION 3 é » g § E g §E| g z g B .;k: 9 REMARKS
= - o ;.< L3
e 3EE. HEIRT TR AR ESEE
2 =8 ACHEIE T sel e E5 2| 5|56 5|8
..525‘:!: E|E Egggg SRR IEIN
ESRESE HEHEBEEIEEE R ETEREHEIRIHE
FOOD WHEEL CONTROL 1 2 2l 1 2 L 1: Sae Hote 1
ILLUMERATION CONTROL 2 211 2 1 1: See Hote 1
VIDED MONITOR 2 1 Monochromatic display compatible with color
camera aystem raquired.
LENP AP MONITOR 1 1 2 1: See Mote 2
LMNF 4P CONTROL 1 1 1 Valve type continuvcus controller required.
LWS NULL AND GAIN CONTROL 2 1 1
LEG VOLWME PLETHYSMOGRAPH 1
4 1 2 1: See Note 2
TEMPERATTRE MONITOR 1 - - 2zl 1 1 2 1: See Note 2
BLOOD FRESSURE MOWITOR 2 | 1 2 1: See Hote 2
]
RESEIRATION RATE 1 I 1 2 1: See Hote 2
(FLOWMETER) I
FLORMETER. CALTBRATION 1 - 2| 1 1 2 1: See Note 2
| H
HEART RATE MONITOR 1 ! 1 2 1: Sea Note 2
ERGOMETER OUTPUT MOWITOR 1 I 1 2 1: See Note 2
ERGOMETER SFEED MONITOR 1 ! 1 2 1: See Note 2
1
ERGOHETER MOTOR CONTRCL 1 | 1 1 1: See Note 1
i
BODT MASS MEASUREMENT i1 i 20 1 1 |2alzs : 1: See Note 2
DEVICE OSCILLATION ! . i '
CALIBRATION AND : v t !
MONTTOR ) o i :
| 1 ' H i ]
SIGHAL CURRENT MONITOR | ) i 2] 3 1 t2 : 'l 1: See Note 2
i H i i i !
! ‘ i | ! N
. i ' i ' !
v ! | : j ! ! ‘

Wote l: Discrete status indication required oo multifunction display.

- g MWote 2: Analog readout required oo multifunction display.




- Table 35, C&D Generic Devices: Advanced Techaology Group

S1I-€

USE REQUIREMENT CONTROL DISPLAY
BE; -
- o
o ~ =
2otz B2 e 2|l [E 5 1E| |slel Bl5
~ REMARKS
FowcTIos Bld K Eiglg| |2 2ol gle | 21813k 8
= = = o
ek 3| 8|8 =252y FEIREIFIGEE
olfud |2 2l g e N EE
alz9a §=§.u<as R EIEEEHE
= g - I?C [ ] [l ﬁ O S = Wi B
iz B8t Sl 5|5l 5|588s B3 2|38 3|22kl ]
glaas= mlmlm % Mo 5 M RiFa] 2l R|EBI x| 3
POER ON/OFF 6] 1} -~ 2 1 2 1 1: See Note 1l
SPACING STATUS 1 - - 2 1 1: See Note 1
GAVEBAMD SELECT 1-4 il -1 - )ﬁ 2] 1 2 3] 1 1: Sae Note 1
REFLECTARCE MOWITOR 1 -] - 1 2 3{ Sl Wtenln atmcricel iedicator required on
LIGHTS! ILLOMIBAT I H -] 3 |3 2 1 2 2: See Nota i
OB/OFF N *
1 1 2 1: See Note 2
FRANES REMAINING 1 2 1 1 2 1: Five digit numeric indicator required on
MFY
CALOR TMETER SELECT 11 -1 - 3] 11 szl At 1: See Hote 1
CALORTHETER MONTTOR | =] - 1 2] 3 1: Three digit numeric indicator required on
) MFD
TEMPERATURE MOHITOR 1] {1 ‘ 2] 1 1 2 L: BSaee Note 2. BRange 130 to 350° K,
resolotion LX.
VACUIM VENT 1 ! 3 2 1 3t 2411 | 1: See Note 1
- -3
VACIHM CHAMERR PRESSORE 1 1 2 ' 11: See Fote 2. Range 107% to 107 torr.
MOETITOR
1 2 1 2 1 1: See WHote 1
FLOW BATE SELECT 2 1 2 1 2 1
FLOW RATE MONTTOR - 2 i 2 1 ) 1 2 1: See Note 2
HIGH VOLTAGE OK/OFF 1 -0 - | 2 1 2 1 i |1 see moted
] - H
HIGH VOLTAGE CORTHOL 1 t ! 1 21 i 2 ’ ' L: Four digit numeric indicator required on
; it ; ! . .
H i . 1
HEATER COWTROL L; i t 1 il ! ! 0 - 10A ammeter required.
i i ! ;
TANE PRESSURE -0 - i | : L (S| ! ! Qvalve control required.
' | 1 Pl '

Hote 1: Discrete status indication required on pultifunction display.

—-—- Hote 2: _A_qgﬁgdregd_ng: required oo mult{function display.



C&D Genaric Devices:

Advanced Techuology Group {(Concluded)

g1-¢

USE REQU IREMENT CONTROL
b ' | !
gE 511 |8 P
@ H
o > = bl . E | g E
FMNCTION g g E = E ! E Enl g. E s g gg § . REMARXS
SE2ES 3818, |2d= R ESEE
gl ERE Ny 484 o O 2% = =
ggm = I DR ) =l m I g o
EE3E EIE o g2 BiBS 2| 81%5[ B ®
sESES 515|585 288 52 298 2| $3E 7| &
5= S [ Bimla|d|EHE 2% =8 =| 2|88 = &
BOWEE. CONTROL 4 1 1
PIMP ON/OFF 3 3 1 2] 3 1 1: See Yote 1
BRESISTOJET CONTROL 1
GAS COMPOSITION MOHITOR 2] 1 Caction and wvarning {ndicator required.
PRESSURE MOKTTGR 4 I 1: See Note 2
FLUID TRANSFER 1 1: See Yortes I and 3
VIBRATOR ARD SLOSHER 2 1 1: See Rotes 1 and 3
EXPER IMENT MONTTGR Mocochrocatic video monitors (2) required.
Conmercial quality reselution and gray scales
adeavate.
TV CAMERA PAN ARD TILT Five position moamcntary switch required.
COMTEOL
TV CAMERA ZOOM CONTROL
TV CAMERA SELECT I-6 ; 1
I
FIIM CAMERA PAIR SELECT ! 1 l: See Kote 1
1-3
FRAME RATE SELECT 1-4 H 2] 1 1: See Note 1
1
THERMAL CONTR(L OM/OFF ! 1 L: See ¥otes 1 and 3
HISTORY RECORDER 1 Two chammel paper tape recordar, monitoring
; | \ pressure and flow required.
. i i
! i | Note 3: status of liquid/vapor interface
. H stability experiment may be displayed as a
i ' "
f . ! I signal flov type graphic display on & wulti-
! : i function display. Status of valves, pumps,
i | ! | vibrator acd slosher, and heaters may be
! ! II i displayed on signal flow diagram.
. H i !
: ] 1 ! .

Note 1:

-~ Wots 2: Analog readout required on multifunction display,

Discrete status indication required on multifunction display.
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Table 36,

Cslr Gentric Devices:

Support Croup

TST REQUIREMENT CONTROL
M L] y .
. T i
' i 5 > j -
3 = E;g o . g E i § ] E & REMARKS
FUNCT10H 2 S g g =] 3i= Bi.Kl 2
< | |l [~} 5 = [=} 1
B - HE=R e =g =
. E HE 3 ) 282 2& 218 == 818
2ERE-cE clalzl21E8 5:15 FEIEEEE z
=, J i) -
glsES2Ed AEIEIEREE gl B{E3 | 8|25 B ¢
EIEBEE=S ¥1515 (5 1598 HHEEHEEE
mis Gla o |l T HG @ =l @ o = ol mj o
MAIN POWER 1 1! -l - 1 2 1 2 2: Sea Wote l
{
EXFERIMENT ATTITUDE 1 - - - 2 1: Four digit numeric indicators regquivred on
CONTROL MFD providing the following informeticn about
3 axes: rate, sngular displacement, inertial
reference, and angular displacement, vehicle
reference,
VEHICLE ATTITUDE CONTROL L 1: Poor digit oumeric indicators required on
AND STABILIZATICN MFD providiog the following: wehicle rate
and attitude.
ATTITUDE CONTROL MODE 1 l: See NHote I
SELECT 1~6 ;
MOMENTUM MANAGEMENT MODE 1 1: See Rote 1
SELECT
Q4G POWER 2 1 1: See Note 1
CHMG MONITOR 1 1: MFD to provide analeg display of total
oomentun (H), 3 axia H, and for each CMG wheel
speed, current and bearing temperature.
MOMENTIM ALERT 2: May require blionk codiog
BEARING TEMPERATURE ALERT 2: May require blink coding
THRUSTER INHIBIT 1 2 2: See Note 1
TACS PRESSURE 1: See Note 2
TACS THRUST DURATION ! 1 E l: Four digit sumeric iondicator required
I
RESOLUTION SELECT ' 1 i |r: Four dipie cumeric indicator required
TRANSHITTER INPUT SELECT : 3 1 3 | ; 1: See Hote 1
TRANSMITTER OUTFUT SELECT : 3 1 3 i ! i 11: See Note 1
H H t .
RECORDER. POWER i : 3 i 3 1' ! 1: See Note 1
L : !
RECORDER MODE i- 3 1 3 ! ' l: See Hote 1

Discrece status indication required on sultifunction display.

-y Wote 2: Aoslog readout required on multifunction display,




Table 3-6. C&D Generic Devices: Support Group (Continued)

8I-¢

USE BRI IRENWENT CONTROL DISPLAY
> é B :
) = o H o =
FNCTION gggg Egg 23 §4§§ HERE REvARKS
B et of
§ 28 %3n 1k “Egﬁi THARHEHE
g @l = A K3 g ? 2z = E Zl 8 ot E =15
8 P [ B |~ & SR Bma 2 § 3 518
flga-Ess 1E|EGEEy | |E2EEE Bk &
AEEEEER FHHE:E L EHEEHEEEIEEEE
RECORDER TAPE REMAINING -] 2 -l - 1 2 L: See Wote 2
CAUTION AND WARNING -1 &0f -t - 1 Brightness: 50 FL oowminal
TYF] Color: emargency - red
caution - smber
wvaming - amber -
]
ALERY STATUS -lso -7 - 2| 2 1: Tabular listing of alert status. Master
1“:!?] N alert indicator required to cur sperator to
. investigate alert statua.
2: DPrightoess - 15 FL nominsl
Color ~ blue
SUBSYSTEM DIAGNDSIS -4TBD} -| - 1 A 1 0CS performs continuous sutomatic chackout.
HFD provides parametric display of OCS measure-
ments list as selected by keyboard command.
MONTIOR EXPERIMENT STATUS -{TBDY} - - 1 3 Manual checkout of experiments initiated by
- keyboard command. MFD provides parametric
display of experiment response to self test
routine. .
PROCEDURES DISPTAY ({TED} ' 1 1 1* A microfilm viewer addressable via the
! keyboard is recommended.
PRESSURE MONITOR, ECS 4 1 2 1: See Note 2. Used in conjunction with C&R
and alert status dedicated monitors,
2: Dadicated meter for sach funcetlon located
on ECS monitor panel,
PRESSURE CONTROL, ECS 1 1 1 ! Dedicated p0, analog meter required.
. i "
TEMPERATURE MONTIOR, ECS ! 1t | 1 2 i Same as for pressure ponitor.
: 1 . i
TEMPERATURE CONTROL, ECS 21 ' 1 1 i Dedicated C5D required for radiator and sub-
: [ ‘ . jumator outlet temperaturas. -
: H . 1
VOLTAGE MONITOR, EPS fo 3; 1 2 i i Jl: See Note 2. Used in conjunction with CsH
| ' 1 | and alert status dedicated monitors.
o ! : ! : 2: Dedicated mater for each function located
v i H ' i . {onm EPS monfter panel.

Note 2: Analog readout required on multifumction display.



C&D Generic Devices:

Table 3-6.

REMARKS

Same as for voltage moaitor.

Same as for voltage monitor.

| Saume as for voltage monitor.

s
2u

ieme corftor.

Y

ivn

Same as

DISPLAY

AOLIHGH 14D

BaOOAM AAOLEIH

L~ R [ R E T
TN SIXY OML

JNOQYad DOTYNY

INGaYEd O1¥3HNN

AVI3EIa
KOT LN IR

WOLVDIGRI SALVLE

(RAHOR TANV)
NOILISOd HOLIMS

Support Group {Concluded)

CONTROL

HATIOULROGD
ENOANIIHOD

WATICEINOD TYNDIL
=E0d0Hd_SIXV-TLI0H

TEVoaAIN

AMVIOH ‘HOLIME

AYVINGHOW “HOLIME

DN11SYT "HOLIMS

USE REQUIREMENT

WELSAGENG
¥Em0d TYoluidaTa

WALBASENS TOMLNOY
TYLHAWNOHT ARG

KALSASH0S
JNIHEOVNYH VIVa

804 /¥ IR HIIXE

FCXCTION

CURRENT MONTTOR, EPS

PEESSIAE MOKTIOR, EPS

FLOW BATE MONTTOR, EFS

TEMPERATURE MONITOR, EPS
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3.4 DISCUSSION

The material presented in Tables 3-1 through 3-6 reflects certain
philosophy and assumptions required to select generic devices for
a generalized application as follows:

extent of dedicated vs. universal C and D specification
primary control vs. secondary, or backup control
assignment of display types for associated controls
man-machine optimization

human factors consideration

cost

size/weight

reliability

maintainability

The criteria above has been applied to each requirement using a
generalized C and D console/work station model. The device
matricea are indicative of the general requirements for future
manned space missions and are useful to perceive trends, common-
ality and new, unique device requirements. Careful, detailled
analysis and trade studies are necessary for each specific C

and D console/module/mission to arrive at optimized C and D device
selection.

It is of interest in studying Tables 3-1 through 3-6 to summarize
the use requirements per discipline for each generic control and
display device. Such a summary is presented in Table 3-7. TUse
requirements have been summed across all experiments within a
discipline, or group, for first choice (1) only. The table il-
lustrates the versatility of a keyboard device in that most of the
control functions (77% for the Astronomy Group) can be implemented
using this device in lieu of dedicated switches. Further, the use-
Tulness of a multifunction display is illustrated by noting that
most display functions can be implemented using this device (83%
for the Astronomy Group).
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This summary matrix also suggest that although a
multipurpose display and control device(s) satisfy
most requirements a certain amount of dedicated
devices must be included. Note that in addition to

a keyboard nearly all other control functions require
a dedicated switch (lasting, momentary, or rotary) or
a continuous controller. Note that for displays a
multifunction device is not sufficient, dedicated
readout or talkback 18 necemssary as well.

Thus, 1t appears that future control and display
subsystems will consisat of an optimum mix of conven-
tional, dedicated type C and D devices and integrated,
software oriented, multipurpose C and D devices.
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SECTION 4

DEDICATED C AND D DEVICE MATRIX

4.1 GENERAL

The combination of dedicated and integrated, software
oriented, multipurpose devices discussed in Section 3
is dependent on a multitude of variables such as:

Scientific experiments-

Console size

Number of operators

Hardware interface

Mission

Module
It 18 not fruitful to attempt generalizations in order
to arrive at a specific mix for all experiments/missions/
modules. Careful analysis and trade studies must bhe per-
formed for each specific C and D console to define the
proper mix of dedicated and multipurpose devices.
To gain further insight into C and D device requirements,
let us consider device preference using only dedicated
devices.
4.2 DESCRIPTION
Tables 4-1 through 4~6 list C and D device preference
using only dedicated devices., Once again the device
preference is listed for each of the five scientific
disciplines and support instrumentation as follows.

Agtronomy

Earth Observation

Physics

Life Sclence

Advanced Technology

Support



C and D functions identified for each discipline are
listed in the first column of each table. The second
and third column list the recommended first and alternate
choice, respectively, of interface between the control
device and the functional element. Three choices have
been considered: module, data management system or
experiment. The next column lists the display talkback
required for the.primary cholce of control device.

The "Use Requirement" column lists the total usage of

the C and D function listed for a given discipline

(sum of all experiments requiring that function). The
final major group of columns list generic control devices
which can be considered to implement the functional
requirements as follows:

Lasting Switch, 2 position, Lasting-Lasting (1-L)

Lasting Switch, 2 position, Locking, Locking (LK-LK)

Lasting Switch, 3 position, Lasting, Lasting, Lasting (L-L-L)

Momentary Switch, 3 position

Meomentary Switch, 5 position

Rotary Switch, 6 position

Rotary Switch, 12 position

Rotary Switch, 18 position
The numbers in the switch type columns (1,2) represent the
recommended device for each function, primary preference
denoted by 1, secondary preference denoted by 2.
These tables assume the avallability of an onboard data
management system including a computer. Critical function
control, e.g., Main Power On/Off, are dedicated rather than
part of an integrated control console. Lasting type switches
are preferred over momentary types except for short duration

switching functions and for situations where ambiguous switch
positions could result due to remote or automatic switching.



4.3 DEVICE MATRIX TABLES
The C and D dedicated device matrices which identify general
categories of C and D types considered candidates for use in
scientific experiments and support instrumentation, are as
follows.

TABLE 4-1 ASTRONOMY GROUP

TABLE 4-2 EARTH OBSERVATION GROUP

TABLE 4-3 PHYSICS GROUP

TABLE 4-4 LIFE SCIENCE GROUP

TABLE 4-5 ADVANCED TECHNOLOGY GROUP

TABLE 4-=6 SUPPORT GROUP

An example of Table 4-1 Astronomy Group is given below:

Tabla 4-1, Dedicates Cab Devicea: Astronomy Group

e TN e — —

This function, as explained in Section 3, must be performed
with high reliability. Thus, "hard-wiring'" to the module

is recommended as the preferred interface. An alternative

as indicated would be the data management system. Talkback
is not required (NR) in this instance since other indications
of power status exist. The use requirement list twelve

SWITCN TYPE
INTERTACE
TALKBACK e LAS R
. RL Loy LA TING MOMENTARY ROTARY
‘ 2-POB 3-pos , ; . .
. - - - 12- | 18-
RECHEENDED] ALTERNATR

P PR P PUS Pos pos | pos

MAIN POVER Modula DMS HR 12 1 2 2
KR 1 1
DOOR OFEN/CLOSE Module S Status, 3 pos [ 1 ' __.--'J




occurrences for a 2 position lasting and one for a 3
position lasting switch. This latter application requires

a standby position in addition to the on/off positions. A
lasting, in lieu of a locking, switch for all thirteen uses
is considered appropriate since no compelling need to avoid
inadvertent activation exist. An alternative switch arrange -
ment for the twelve applications, is the use of 3 position
momentary (on, neutral, off). However, this configuration
will require a status indication to agssure positive talkback.



Table 4-1,

Dedicated C&D Devicesa:

Agtronomy Group

SUTTCH TYPE
INTERFACE =
m.mggk o q‘:'5§r LASTIKG HONENTARY ROTARY .
FURCT L0 (PRIMARY OONTROL) f REQ REMARES
2-Fos kit B 5 6 12- |13
RECRDENDED| ALTERNATE Pos pos | ros pos | pos
L-L LK-LK |L-L-1
MATN POMER Module DMS NR 12 L 2 2: Two pogition status indicator tequired.
HR Tl 1
DOOR OPER/CLOSE Module M5 Status, 3 pos [ 1
LATNCE LOCKS Module mis Status, 2 pos 6 1
THEEMAL CONTROL Module DS NR 7 1 2 2: Two position status indicator required,
THERMAL MONITUR MS Experiment Analog Meter 7 L -
FOCUS MODE SEI.E(.‘! Zxperiment | M5 NR 1 1 2 2: Two position status indicator required,
MANTAL FOCUS CONTROL ' Experiment ! - Analeg Meter 3 1 Analog meter with zero centar (null detection).
ALTGNMENT MODE SELECT Bxperiment [ IMS NR 4 ] 2 2: Two position status indicator raquired.
ALTGRMENT MANUAL CONTROL Experiment | - S$ee Remarks 1* Two axis null detector (X Ptr) having 300 and 3
arc secoud ranges. -
* Two axis proportional controller may be
desired, .
IMC OVERRIDE oMS Experiment | KR 1 1 2
MAIN HIGE VOLTAGE DMS Experiment ] Malfunction 15 1 .
ON/OFF/RESET Alert Indicator
HIGH VOLTAGE ON/OFF i .+ Experiment {Individual HV controls}
1-6 NR 2 1(6) 2 2
1-3D - Status (2 pos) 1 1 1 1
1-14 Status (2 pos) 1 1 LIS |
1-154 Status {2 posg) 1 1 1 i 1 154 ewo position status fndicators Tequired.
1-3 NR 1 13 | z | z '
. 1-9 i Status (2 pos) 1 2(9) 1 ; 1 i
i i |
WAVELENGTH SELECT s i Bxperiment | MR ¥ i 1
i . Status (3 pos) 1 1 i
MON ITOR TV Monitor : !
H 1
MASTER DATA DMS - Status {3 pos) ;1 H
INSTRIMENT POWER DMS Experiment | NR a8 1 E 2 i 2: Two position status indicator required,
- [ :
| i

I=lasting
LX=Locking



Table %-1. Dedicated C5D Devices: Astronomy Group (Continued)
i SWITCH TYFE
INTERFACE
TALKRACK USE LASTING MOMERTARY ROTARY
Y
FINCT to% (PRINARY CONTROL) | REQ'T REMARKS
2-753 3-POS 3 . '
. - 5- - 12- .
RECOMQENDED| ALTERNATE
Pos POS Pos POS BOS
L-L LE-LX | L-L-L
MODE SELECT DMS Experiment
1-4 KR 2 2{2) 1 2: Two 3-pasition statws indicators required.
1-6 ¥R ] 2(3) 1 2: Two 3-position status {andicators required.
-5 NR 1 1
1-3 R 1 1 2 2: TYhree position atatus indicater required.
DATA ACQUISITION TS Experiment | Status (3 pos) 21 1
FRAME RATE SELECT ™S Experfment | KR * Pulse or digitsl counter.
1-3 3 1 2 2: - Three .*_.tlon status indicator required,
1-& 1 2(2) L 2: Two 3-position status indicatora required.
FRAME COUNT DMS Experiment | & Digit Mumeric 4 Pulse or digital counter required.
Display
4
GRATING SELECT ™S Experiment | Status (3 pos) 3 1
MIRROR POSITION SELECT s Experiment ] NR t 1 Talkback is provided by video display.
GIMBAL POINTING MODE IS Experiment | NR 2 1 2 2: Two position status indicator required.
SELECT :
GIMBAL POIFYING MANUAL Experiment [ DMS Thres 4-Digit 2 Twe axis proportional contre! required.
CONTROL Bumeric Readogts
DOOR AUTQ CLOSE DMS Experiment | NR 1 1 2 2: Two position status indicetor required.
ROEMA L/ OVERR IDE
FILTER SELECT 1-6 DMS Experiment | ) Position Status 2 1
Indicator (3)
INSTRUMENT SELECT s Experiment | NR 3 1
EXPOSURE RANGE DS Experiment NR 1 1
SLIT SIZE SELECT ms Experiment | 3 Position Status 2 1
Indicater {3)
SCAX RANGE SEL oMs Experiment
1-6 NR 2 1
1-10 NR 1 1
1-100 NHR 1 1(2)
SCAX RATE SELECT DMS Experiment NR 2 1
SCAN STEP 51ZE SELECT ™S Experiment NR 1 1

L=Lasting
iX=Locking
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Table 4-1. Dedicated C&D Devices: Astronomy Group (Continued)
SWITCH TYPE
INTERFACE
TALIBACK UsE LASTING MOMENTARY ROTARY
. (FRIMARY CONTROL} | REQ'T
FIRCT ION REMARKS
2-PO5 3-Fos ) s 6 18
- - - 12- -
RECRQENDED] ALTERNATE
3] S 08 g
L-L LM-LK ] L-L-L fo Bos
SCAN SEQUENCE SFLECT bus Experiment | NR 1 1
SCAN CODNT DS Experiment 3 Digit Fumeric 4 Pulse or Digital Couanter Required.
Readout
CRVSTAL/GRATIXG POSITION 3 Experiment | 4 Digit Numeric 2 1
U2/ powx Readout
CALIERATION INITIATE M5 Experiment § 3 Position Status 13 ]
Indicator
SPECTRUM MQNITOR RECORD/ M5 Experiment | Paper Tape [
REVIEW Recorder
DETECTOR COUNT mIs Experiment Numeric Pisplay This display used in coomunication with detec=
3 Digit 5 tor select control, Ewcessive count rate slert
4 Digit 2 indicator (2-pos} required,
5 Digit 1
APERTURE MOOE SELECT DS Experiment | NR 1 1 2 2: Two position status Indicator mquired,
AL‘.I'OI_}'.A.\‘
APERTTRE MANUAL CONWTROL | DMS Experiment 3 Position Status 13 1
INCR/DECR Indicator (2)
PHA GAIX SELECT (l-32) DM5 Experiment § NR 1 1 1
FILTER HEATER O/OFF s Module NR 1 1
DISCRIMINATOR LEVEL SELECT | Dms Experiment NR
1-16 1 1
1-25 1 1 1
FLARE ALERT ERABLE/I[NHIBIT ! DmS Experiment Flare Alert Indi- 1 1
cator (2 positionm
EXPOSURE/SAMPLING DURATION | TS Experiment
1-3 3 Pogition Status
Indicator 1 1
- NR 2 1
I-10 ~ KR 1
FLARE MODE EMABLE/INHIBIT | DuS Experiment 3 Position Status 1 1
Indicacor

L=Lasting
IR~Locking




Table 4-1.

Dedicated C&D Devicesg:

Astroncoy Group (Concluded)

SWITCH IYPE
INTERFACE
TALKBACK USE
LASTIRG MOMENTARY ROTARY
FINCT 10K (PRIMARY CONTROL) | REQ'T AEMARKS
1-POS 3-pos 3 6
. - 5- - 12- 18-
RECRENDED] ALTERNATE
' POS POS POS
0 S BT T R pos | eos
DETECTOR GAIN Experiment | ImMS XR 2 Continuous gain controll is required. Discrete
steps, implemented by rotary switches may be
acceptable.
DETECTOR RATE S Experiment Excessive count rate aslert status indicator
SELECT 1-4 XR 1 1 (2 position) required.
SELECT 1-6 KR 1 1
DETECTCR BIAS Experiment } DMS %R 2 i “cuaillowous hise control 1§ required. Discrete
steps, impieswii . ' . vrotary switches may be
acceptable.
DETECYOR TEMPERATURE Experiment | IMS Analog Readout 2 Continuous temperature control {8 required.
{Scale TBD) ’
DETECTOR SELECT DMS Experiment | XR This contreol function may be shared with high
1-6 3 1(6) 2 2 voleage comtrol,
1-30 1 1 1
1-t4 o 1 1
1-154 1 1 1
1-3 1 1 2 2
1-9 1 2(9) 1 1
ZERO QFFSET Experiment | DMS KR 1 Continuous contrel 18 required,
DETECTOR ELEMENT SELECT DHS Experiment ¥R 1 1 1
1-21
CRYDGEN COOQLING ON/QFF Module DS XR 1 1
HIGH VOLTAGE LEVEIL SELECT DNS Experiment ¥R 1 1(2)
i-128
AIRLOCK QPEN/CLOSE Experiment I’DMS NR 1 1 2 g 2: Two position status indicator required.
CALIBRATION SOURCE SELECT DMS 'D(Permem: ut: 4 1 i 1
-4
THRESHOLD SELECT 1-32 DMS | Exparimeat | NK ! 1(2)
X-RAY ALERT S Experivent } Status, 2 Poa. i
l=lasting

IK=Locking




Table 4=2. Dedicated C&D Devices: Earth Observation Group

SWITCH TYPE
INTERFACE
TALKBACK UsE
N LASTING MOMENTARY REJTAKY
N—— (PRIMARY COWTROL) | REQ'T REMARKS
2-P0S 3-POS 3 5 6
RECOMOENDED] ALTERNATE y - - 12- | 18-
POS
wr etk fooper | P08 Pos POS | POS
POWER 0% IFF Module oS NR 12 1 . 2 2: Two position status indicator required.
FRAME CITNT e ] Experiment | Numeric Display
- 4 Digit 1 1
SELECT 1-% & Digit 1 1
SELECT 1-6 3 Digit 1 1
DATA ACUISITION oS Experiment | 3 Position Statud 1 i
Indicator
CAMBRA 57TED SELECT I-4 s " | Experiment .
R 2 2(2) 1 2: Two 3-position status indicators regquirwd.
Pour 2-Pusition 1 1{4) 2(6) 2: No talkback required.
Stetus Indicators . 1(6)
NR 1
£-STOF SZLECT DS Exper iment
SELECT 1-7 N 2 1
HR 1 1(6)
IMC 0% 2FF DS Experiment | NR 5 1 : 2 2: Two positfon status Indicator requirved.
THERMA™ CONTROL ON/OFP Module S KR 5 L 2 2: 1Two position status indicator required.
THERMAL MONITOR SELECT M5 Experiment | Analog Meter Analog temparature meter range 200°K to 366°L:
1-2 . 3 1 Resolution 1%.
1-3 2 1
1-4 2 1
1-12 1 i
1-18 3 1
DOOR OFTN/CLOSE Module MS Status (3 Pos.) -] 2 1
INSTRI:TNT (S )/ CAMERA (5) MS Experiment | NR |
SELECT 1-3 i 1 1 !
-4 1 ! 1
1-6 1 . 1
FILTER STLECT S Experiment { MR 1 1
DETECTCX CURRERT SELECT DMS Experiment | NR 3 i 1
l i
1~Lastizcg

LE=Lockizt .
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Table 4-2 Dedicated C&D Devices: Earth Observation Group (Continusd)

SMITCH TYPE
INTERFACE
TALKBACK UsE LASTING MOMENTARY ROTARY
FINCT 10 (PRIMARY OOWTROL)Y ] REQ'T
2-POS 3-POS 3 5
e . - - 6= 12- 18~
RECRTENDED| ALTERNATE
POS POS PoS
T S TR Py FOS | ros
POWER SUFPLY WOLTACT x5 Experiment | Digital Readout Digital readouts required as follows:
MONITOR 3 Digit = & required
1-4 1 L 4 Digit - 2 required
1-5 s  § .
1-10 2 1
CALIBBATION STATUS 13+ Experiment | Status (2 Pos.) 4 L
CALTBRATION WORE SELICT DM Expariment | MR 3 1 2 ’ 1: Two pesition status indicator required.
AOTO/MAN
MANUAL CALTBRATION R&TT DMS Experiment ' § NR 1 1
SELECT aicw/Low
ANTENNA STEERIKG 2 A7=5 Experiment [DMS Two 4-Digit Num- 1 Two axis properticnal controller required.
- eric Readouts
RANGE SWEEF SEC. DMS Experiment
1-3 NR 2 1 2 2: Three position status indicator required.
-5 ' NR 1 1
GAIN CONTROL Expericent [UMS NR 2 Continuous gaiﬁ control is required.
ANTENNA TILT SELECT Experiment |DMS ¥R 1 1
ANTENNA TILT CORTROL Experiment & Digit Numeric 1 1 Single axis joy stick control way be preferred.
Readout
BECEIVER, SERSITIVTCY Analog Readout
MONITOR
TRANSMITTER, POWER T:ITOR Analog Readout
RADAR DISFLAY i "A" Scope Display Continuous type video gain contyel required.
MIRROR POINTING Experiment DMS 4 Digit Numerie
Readout
1 Mulri-axis proportionsal controllar required.
1 1 Only display select 1-4 required,
k] L
L=Lasting

LE=Locking
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Table 4-2. Dedicated C&D Devices: Earth Obsarvation Group (Concluded)
SWITCH TYPE
INTERFACE
TALKEACK USE LASTIRG MOMENTARY ROTARY
FLRCT LOK {PRIMARY CONTROL) REQ'T RES
- 2-POS 3-POS ) s 6 )
- - - 12- 18-
RECROENSTDE ALTERNATE
POS POS
L-L LK-1K | L-L-L Fos Fos Pos
DETECTOR YOLTAGE MOKITOR mE Experiment | Numeric Resadout
4 Digitc 1 1 Range IV; Resolution 1oV
4 Mgire 1 i Range IV, Resolution ImVv
3 pigit 1 1 Range IV; Resolution 50uv
MUDE SELECT DS Experiment NR
1-2 1 1
1-3 1 t
1-5 1 )3
RANCE MORITOR s Experiment | 5 Digit Numeric 1 Range 200n miles: A resotution of .Oln miles
Readout is coosidered adequate for on-board monitoring.
HIGH VOLTAGE ON/OFF Experiment |DMS NR 1 1 2 2: Two position status indicator required.
EEXPOSURE DURATION SELECT DMS Experiment ] NR 1 2D 1 2: Two J-position atatus indicators requinili.
TARGET MONITOR Expericent |--—- Video Momitor 1 1 Mooochromeric TV Display:
Resolution: 525 lines
Cray scales: 8-10

Le=Lascing
LEK=Locking
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Table 4-3}, Dedicated C&D Devices: Physics Group

SHITCH TYFE
INTERFACE
TALKBACK use LASTISG MOMENTARY ROTARY
FINCTIOK (FRIMARY CONTROL) REQ'T B
2-POS J-POS 3 s o
RECHROENDED| ALTERNATE y y o e B
POS POS
L-L | LX-LX {L-L-L pos Pos Fos
THERMAL MONITOR SELECT s Experiment | Anzlog Readout Analog meter range: 200% - 350:'!
oM/ OFF 10 1 Reenlution: 1%
1-2 2 1
1-3 1 1
i-4 5 1
i-3 2 L
-9 1 1
I-12 1 1
HIGH VOLTAGE ON/OFF Experiment {DMS ¥R
1 1
1 Continuous contrsl required,

POWER SUPPLY VOLTAGE Experiment :IMS Analog Readout Bange 0-300V; Resclution 1%

MONITOR
SELECT 1-4 1 1
SELECT 1-3 1 1
SELECT 1-2 1 1

POWER SUBFLY VOLTAGE Experiment |DMS Analog Readout Range 0-1V; Resolutiom 1%

MOWITOR
SELECT 1 2 1
SELECT 1-2 L 1

SELECT 1-6 1 1
POWER SUPPLY VOLTAGE Experiment ] DHS Analpg Readout . Range 12-100V; Resclution 1%
MONITOR
SELECT 1-5 2 1
POWER SUPPLY VOLTAGE Experiment |DMS Analog Readout 2 t Range 0-28V; Resolution 1%
MONITOR
GAIN CORTROL Experiment | DMS NR .
1 i 1
10 i Continious control required,
. !

CALIBRATION SELECT Experiment |DMS NR : .
1 3 1 2 2: Two position status indicator required.
1-4 1 | 1

1
MAIN POMER Hodule s NE 20 1 i ) Z: fwo position status indicator required.
L=Lasting

LE=Locking
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Yable 4-3. Dadicated CiD Devices: Physics Groun {Cont inued)
SWITCH TYPE
INIERFACE
- m-ftﬂ“ " Rg‘? LASTING MOMENTARY BOTARY
FIBCY 10% ¢ QT REMARXS
2-Fos i Y 5 3 12- |18
XECROENUED| ALTERRATE pos POS POS OS5 POS
L-L 1¥-LK | L-L-L

DETECTOR SIGHAL Experiment [DMS 2: Two position atatus indleater required.

1 ’ 5 Digit Mumeric 5 2 2 Analog resdout range 0-3V; Repolution 1R

1-4 Readout H 1

1-6 Anslog Readout 1 1

1-12 1 1
NC OR/OFF ™S pxperiment | KR 1 1 2 2: Two position status indicator required.
SICRAL SELECT s Experiment |NE H 1 -

e

SCAM SELECT s Experiment [|HWR

1-8 2 1

1-12 i 1
S5LIT SIZE SELECT s Experiment |NR 3 1
GRATIRS POSITION DMS gxperiment |5 Digit Mumeric 2 E
. -- Readout
DOOR OPEN/CLOSE Module DMS Status 3 Pos. 1 1
SPACE IMAGE TUBE MONITOR Experiment [DHS CRT 1 Besolution 1000 TV lines; frame rate 1/min,
IMAGE 1SOCOR TV MOWITOR Experiment {OMS CRS Resolycion: 500 TV lines; frame zate 2fsec.
TRANSMITEER POWER Experiment JOMS M2 2 Contisuous control required.
FREQUENCY CONTROL Continuous control 1a required. Range 0.1 to

1 Experiment |[DHS NR 10 200 FHZ resotution 1%.

SELECT 1-3 Experiment (DMS 1 1
BANTMWITH CONTROL Experiment {DMS NR 7 Continuous control is required.
INSTRUMENT SELECT DMS iExpariment |NR 1 1
COLLECTOR CURRENT MODULA- CRT 2 Racge 0-100%; Resolution 0.5%.
TIOR MONITOR
CARRIER LEVEL CURRENT CRT 2 Rasge 1012 3 x 1078; Resolution 0.57.
MONITOR
SWEEFP MONITOR CRT 2 Banze -2.7 -3.5V. Resolution 1%.

LaLasting
LX=Locking
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table 4-3.

Dedicated C&D Devices:

Physics Group (Concludedd

SUTICH TYPE
INTERFACE
TALIRACK UsE LASTING MOMENTARY ROTARY
r
FIRCT 108 (PRIMARY CONTROL) REQ'T RDARES
2-P0OS 3-FOS 1 5 P 12
- - - - - 18«
RECRC-ENDED| ALTERNATE
POS Pas 32H] POS
L-L LE-LK }L-L-L Pos
GRID POTENTIAL Experiment {DMS 4 Digit Rumeric 4 Continucus control is required.
Readout
COLLECTOR POTENTIAL Experiment |IMS 4 Digit ¥umeric 2 Continucus control 1is required.
Readout
SENSCR VOLTAGE MONITOR s Experiment ] See Remarks Includes the following teuges:
1 13 - =3 to 43V, 0 to -2V, 0 to 5¥, D ro 10V,
1-2 1 1 VR W, -] vo 430V, O to 25V, O to 2000W,
1-3 2 1 5 to bODOV orr 4G to SO0V
1-5 1 1
1-7 2 1
1-15 1 1
SENSOR CURRENT MONWITOR MS Experiment ] See Remarks 7 Inclufgs the Efalowing Tanges: s
1071% to 10704, 0 eo 2, 0-10 0 1075,
0 to 1A, O to 5A, sod . 1071F o 10784,
SENSOR FREQUENCY MONITOR
1 oS Experiment ] NR 1 Range 2 to & MHZ,
1=2 DMS Experiment | NR 1 1 Range 2 to 3 MEZ.
RANGE SELECT M5 Experiment | NR 1 1
[ L 4 [y *
BAKD PASS MONITOR s Experiment |Analog Readout 1 * *
MODE SELECT IMS Experiment 1NR 1 1
i
'
I
i
L
i |
La=lLsasting

IE=Locking
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Table 4-4. Dedicated C&D Devices:

Life Science Group

SWITCR TYPE i
INTERFACE -
TALKRACK USE
IRG MOMENT,
S (PRDMARY CONTROL) | ReQ'T wst ARY ROTARY
BEMARES
2-P0S 3-POS
RECOMMENDED| ALTERNATE :;;s 5= 6- 12- 18-
1-1 ik-1 | L-L-L POS POS POS POS
HAIN POWER Module M5 NR B 1 3 2: Two position status indicator required.
RECORD SPEED SELECT Experiment |DMS NR 5 1
CALIBRATION COMMAND oS Experiment | NR ] 1
POWER SUPPLY VOLTAGE s Experisent | Analog Meter Range O to 12V; Resolutiom 17.
MORITOR
1 7 i e
1=4 1 1 e
SIGNAL VOLTAGE Expericent DS CRT or Numeric 0f the aeven experiments that employ this
1-16 Display ] 1 control, four require a CRT display with haxd
1-32 1 1(2)] copy sud/or interactive graphica display.
TEHPERATURE MONITOR s Experiment | Anslog Meter nges of 33 o 39%¢ and 25:10(:. Resolution
1-2 2 1 1 €. Primary alert stetus vequired for 2 exp.
1-16 1 1
TEMPERATURE CONTROL ON/OFF] Expericent | DMS NE 2 1 2 2: Two position status indlcator required.
ECS FLOW RATE CONTROL s Experiment | NR 2: Two position status indicator required.
1-2 2 1 2
1-16 1  §
ECS PLOW RATE MONITOR oMs Experiment | Analog Readout 2 Racge 0 to 5V,
RELATIVE HUMIDITY CONTROL { DMS Experiment | NR 2 1 2 2: Two position status {ndicator required.
RELATIVE HUMIDITY MONITOR | DMS Experiment | Analog Readout 2 Range 60 +10%.
PCO, CORTROL DS Experiment | NR 2 1 2 2: Two position atatus indicetor required.
l'(.‘O2 MONITOR s Eﬂrperiment Anslog Readout 2 i Primary alert status required.
POy CONTROL M5 ! Experiment { NR 3 1 2 i 2: Two position status {ndfcator required.
+
1"(3!2 MONITOR DS Experiment | Analog Readout 3 f Primacy alert status required.
|
TOTAL PRESSURE CONTROL DMS :'!‘xperlment NR 3 1 2 E 2: Two position status indicator required,
i
TOTAL PRESSURE MONITOR BMS Experiment Analog Readout 3 | : Primaty alert status required.
i
WATER SUPFLY CONTROL s l Experiment | NR 1 2 ! 2: Two posttion status indicator required.
H
1

l=Lasting
LE=Locking
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Table 4-54,

Dedicated C5D Devices:

Life Science Group {Concluded}

SWITCH TYPE
INTERFACE
TALKBACK USE LASTING MOMENTARY ROTARY
1 N
FINCTION (FRIMARY CONTROL) | REQ'T RDARES
RECRCENDE 2-pas iad P 5 6 12- |8
ALTERNATE POS POS POS POS POS
L-L LE-LX |L-L-L
WATER SUPPLY MOXITOR SELECT| IMS Experiment | Analog Readout Prizary alert status requived.
1-8 L 1
1-16 2 1
FOOD WHEEL CONTROL S Experiment { NR 1 1 1
ILLUMINATION CONTROL s Experiment § NR 2 )3
VIDEQ MONITOR CRT 2 Monochromatic display compatible with colex
camers system requitved.
BNP P CONTROL Experiment Preasure Meter 1
BNP P COSNTROL Experimsent NR 1 Valve type cootinuous controller required.
VM5 NULL AND GAIN CONTROL] Experimeat Null Meter 2 Continuous gain control required. Range -1 1»
+5% change. .
LEG VOLUME PLETHYSMO-GRAPH] Experiment 1 Ristory vecorder reguired.
TEMPERATURE MOXITOR Analog Readout
1 IS Experiment 4
1-24 b Experiment 1 1 1
BLOOD PRESSURE MONITOR DHS Experiment ] Analog Readout
RESPIRATION RATE S Experiment | Flow Meter 1
FLOWMETER CALIBRATION DS Experiment NR L 1
HEART RATE MOXITOR S Experiment Baats/Min 1
ERGOMETER OUTPLT MONITOR | DS Experiment | Wstt Meter 1
i I }
BRGOMETER SPEED MOWITOR bMS Ehparimant RPM Indicator 1 §
ERGOMETER MOTOR CONTROL DMS Experiment NR 1 1 _
BODY MASS MEASUREMENT ms Experiment 4 Digit Numeric 3 1 1
DEVICE OSCILLATION CALI- Readout i
BRATION AND MONITOR i
SIGNAL CURREXT MONITOR m4S Experiment 3 1

L=Lasting
1X=Locking
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Table 4-5. Dedicated C&D Devise_a_:_uuﬂnced Techrology Group

SWITCH TYFE
PRTERTACE
TALKBACK use LASTING MOMERTARY ROTARY
»
FURCT 10X (PRIMARY CONTROL) REQ'T RS
i iikiadl B s 6 12- | 18
RECRXQENDTD  ALTERNATE y y y - -
POS
L1 R s s oS POS
POWER ON/OFF Module NR 7 1
SPACING STATUS Experiment [DMS Scatus, 2 Poaitim 1
WAVERAND SELECT 1-4 Experiment [0S NR 1 2(1) 1 2: Twoe 3-Position status iodicstors required.
REFLECTANCE MONITOR RS |[Experiment | Two Digit Numeric 1 Alternate: Analog seter - 3cale 9 to 100%,
Readout . Resolution 1T.
LIGHTS/ ILLIMINATION ON/OFF | Module R 4 1
FRAMES REMAINTNG s Experiment | Four Digit Numerid 1
Readout
FILM REMAINING (Footage) s Experiment | Analog Meter 1 Scale 0 ro 100%; Resolution 1X.
CALORIMETER SELECT 1-4 Experiment :DMS NR 1 2¢2) 1 2: Two 3-position status indicators required.
CALORIMETER MONITOR s Experiment §Analog He_ter 1 Scale TBS; Resclution IZ. ‘
TEMPEPATURE MONITOR DS Experiment | Anzlog Meter 2 1 Scale 150 to 350°K; Resolution 1% typlical.
1 ¥ )3
VACUUM VENT Experiment |DNS Status, 3-Positiam 1 4 1 2: Panel namenclature icdicates cowmand statosd
VACUIM CHAMBER PRESSURE ms Experiment | Analog Meter 1 Prugramhle scllajmqutrad: X1, XiQ, x100.
MONITOR Range 107° to 1077 Torr; Resolutieon 1%..
FLOW RATE SELECT Experiment !DMS NR 3 1
2 1
1 1
FLOW RATE MONITOR DS 1Experiment [ Analog Meter 3 .
\ .
: !
HIGH VOLTAGE ON/OFF Experiment | DMS ¥R 1 1 i
. I
HIGH VOLTAGE CONTROL Experimenr * Four Digit Numerc L 1 Continuous control required,
Readout
| ]
HEATER CONTROL Experiment ; Analog Meter 1 ! Continuous econtrel requived. Analog meter —
i i scale 0 to 10 Amp - Resolution 17%.
|
POWER CONTROL Experiment ) Analog Meter 4 l l Continuous control required. Analog mctar ~
I I Scale (TBS) - Resolution 1%.
i l |

L=Lasting
LE«Locking
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Table 4-5, Dedicated CAD Devices: Advenced Technslogy Group (Concluded)

SWITCE IYPE
INTERFACE
TALIBACR UsE LASTING MOMENTARY ROTARY
: ME >
FECTION (PRDMARY CONTROL) REQ'T - RS
2-POS 3-POS 3 s P
RECRCENDED] ALTERNATE y y - 12- | 18-
s POs POS POs
L-L LX-LX | L-L-L s
e
PUMP O%/OFF Experiment [IRS NER & 1 2 2: Two position status indicator required.
RESISTAJET CONTRCL Experiment Status, 2 Positim 4 Two position, locking-momentary, switch requived
GAS COPOSTTION MONITOR DMS Experiment | Analog Readout t 1 Anslog meter - Scale: 0 to EOO% - Resolution: 1L
PRESSTIE WONTTOR DS Experiment | Analog Resdout 2 1 Anslog weter = Scale: (TBD) - Resoiution: 1L
FLOTD TRANSFER Experiment DMS NR 1 1 2 2; Three positfon status indiceator required.
VIERATIOR AND SLOSHER Experiment lm'.s NR 1 2{2) 1 2: Two J-position status indicatora requirad.
SELECT 1-% '
EXPERIVEXT MONITOR Expeciment t Video Monitor 2 Monochromat{c video wonitors {2) rTequired.
TV CAMZRA PAN AND TILT Experiment - NR & 2(2) 1
CONTRIL
TV CAMZSA-ZO0M CONTROL Experiment NR ) 1
TV CAY=3A SELECT 1-6 Experiment ;DMS NR 2 1
FILM CAVERA PALR SELECT 1-3| Experiment jDMS NR 1 1
FRAME RATE SELECT 1-4 Experiment [DMS NR 1 2(2) 1 2: Two 3-position atatusa indlcators required.
THERMA' CONTROL On/OFF Module Experiment | NR B 1
HISTORY BECORDER Experiment Two Channel Paper L 1
Tape Recorder
H
]
i
| 5
] 1
| !
' ! :
; I
| ! !
! I
I -
LaLasting

1E~Locking
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Table 4-6, Dedicated CAD Devices: Support Group

. SWITCK TYPE
INTERFACE
TALKBACK Use LASTING l MOMENTARY ROTARY
. . (PRDWGRY CONTROL) | REQ'T
FladCT 108 T HEMARKS
2-POS [ 3-PoS 3 5 5
- - . - 12- 13-
NN 13 LRUAT
RECOMIENDED] ALTIRNATS POS Pus P05 POS POS
L-1 LK-LKX | L-L-L
MAIN PCWER Module DM NR 2 i 2 2: Two-position status indicaror required.
EXPERIMEMT ATTITUDE CONTROL Experiment JInS Multi~function 1 Multi-axts preportional coatroller required.
Display (CRT)
THRCSTER INHIBIT Module D5 Multi-function 6 1
- Display (CRT)

Lalasting
LE=locking



4.4 DISCUSSION

Table 4-7 lists a summary of the use requirements per discipline
for each dedicated switch device (for all rank orders). Each

use requirement is further subdivided into primary and alternate
interfaces,

Study of Table 4-7 reveals that all functions listed can be
accommodated with the C and D devices considered. Note also

that the usage of lasting, 2 position, locking-locking and momentary,
5 position switches is negligible. Other alternative arrangements
can be considered. For example, a locking-locking switch function
can be accomplished by using a standard lasting switch with an ap-
propriate switch guard. The 5 position momentary (discrete joy~-
stick) can be implemented using two 3 position momentary switches,

Thus, it would appear that the following switch complement will
satisfy nearly all of the functional requirements considered:

Lasting Switech, 2 position, lasting-lasting
Lasting Switch, 3 position, lasting-lasting-lasting
Momentary Switch, 3 position

Rotary Switch, 6 position

Rotary Switch, 12 position

Rotary Switch, 18 position

Review of rotary switch applications will reveal that there is

a need for selection beyond 18 as noted in the dedicated device
matrix tables., However, practical switch design limits the choice
to a maximum of 18 positions. Actually, the limit is determined
principally by the minimum angular separation of each position
consistent with the required space for panel nomenclature.
Applications for greater than 18 positions have been implemented
using combinations of rotary and momentary switches. It is also
interesting to note that a great majority of switches interface

with the computer. Few functions require module or experiment
interface.

A summary of dedicated display devices necessary to implement the

C and D requirements identified for the experiments and support
instrumentation is given in Table 4-8. This table reflects the
control selections summarized in Table 4-7 since most of the display
applications are related to the control device selected.
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Table 4-7,

Summary of Dedicated Devices:

Switches

USE REQUIREMENT

SWITCH TYPE
LASTING MOMENTARY ROTARY
INTERFAGE 2-POS 3-P0S | 3 | 5 6 J12 |18
RECOMMENDED | ALTERNATE | TOTAL | L-L K-LK | L-L-L | POS |POS |Pos |pos POS
& Module Computer 11 3 1 1 6 0 0 0 0
o
g Experiment | Computer 7 k| 0 0 3 1 0 0 0
2| Computer Experiment | 135 | 18 0 32 |38 0 126 |12 9
& Module Computer 8 &4 0 Q 4 0 0 0 0
=
H
g% Experiment | Computer 511 o 0O [ 2 o f1]1 jo
=
7| Computer Experiment 58 6 0 5 12 0 (23 |10 2
O
" Module Computer 3 1 0 0 2 0 0 0 0
4]
% Experiment | Computer 19 6 0 3 1 0 6 2 1
A Computer Experiment 22 5 0 3 1 1 4 6 2
. Module Computer 2 1 0 o 1 0 0 v} 4]
E E Experiment | Computer 4 1 0 0 1 0 1 0 1
NN T
“ Computer Experiment 28 9 0 0 6 0 5 5 3
o & | Module Computer 1] 1 0 010 o Jo{o |o
S
gg Experiment | Computer 23 | 4 0 111 o {61 |o
e
3 =+ Computer Experiment 7 3 0 0 0 0 i 1 2
Module Computer 4 2 0 0 2 0 0 0 0
£
él Experiment | Computer o] 0 0 0 0 0 0 0 0
“" Computer Experiment o] o 0 0] 0 {0 0] o |o
i
TOTALS 337 68 1 45 90 2 73 38 20
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Table 4-8,

Summary of Dedicated Devices:

Displays

USE REQUIREMENT

) DISPLAY EARTH LIFE ADVANCED
‘ DEVICE ASTRONOMY ? OBSERVATION PHYSICS SCIENCE TECHNOLOGY SUPPORT TOTALS
i Panel Nomenclature 56 i 13 33 8 2 0 112
| Status, 2 Position 12 12 1 0 2 0 27
I
i Status, 3 Position 53 19 1 0 5 0 78
{
Analog Meter 12 19 17 16 9 0 73
2 Axis Null Detector 4 0 0 0 0 0 4
History Recorder 7 0 0 0 1 0 8
Numeric, 3 Digit 5 8 0 0 1 0 14
Numeric, 4 Digit 14 9 6 1 2 0 32
Rumeric, 5 Digit 3 1 3 0 0 0 7
CRT Monitor 5 2 8 1 0 2 18
Alert/Caution/Warning 15 0 0 2 0 0 17
Indicator !
L i
TOTALS 186 83 69 28 22 2 390




SECTION 5
CONCLUSIONS

5.1 C AND D SUBSYSTEM DESIGN

The matrices in Section 3 and 4 of this report reveal
application trends for future manned spacecraft experiment
C and D specification. The analysis indicates that future
control and display subsystems will consist of an optimum
mix of conventional, dedicated type C and D devices and
integrated, software oriented, multipurpose C and D devices.
The dedicated components should be modularized and specifi-
cation based on specific functional requirements levied by
the experiment user. The integrated, or universal portion
of the subsystem will comprise multifunction displays and
appropriate control keyboards. Integrated displays will

be interfaced with a central computer, and information
display format flexibility will provide a great variety

of presentation schemes.

Using a mix of dedicated and universal C and D devices a
highly flexible cost expedlent control and display system
for a multitude of experiments becomes feasible. Because

of the system inherent flexibility, one basic display system
can accommodate most experiment C and D requirements without
the necessity for complete system redesign between missions.
System reconfiguration is limited primarily to software and
replacement of mission/experiment peculiar modules.

The analysis also indicates that C and D consoles which
employ keyboard data entry should include provisions for
verification, editing, or correction. It may be desirable

to design data entry consoles for this purpose. This
specialized type of equipment would be used for visual ver-
ification of messages prior to transmission to the onboard
computer and for subsequent display of an acknowledgment or
reply message. It would consist of an alphanumeric keyboard,
function/editing buttons and an alphanumeric display. The
data entry console would operate off-line from the computer,
that is, the "desired" message would be generated, checked,
and odited independently of the computer. When the astronaut
is satisfied that the message displayed 1s correct, he would
initiate data transfer by activating the TRANSMIT button.
(This approach requires local memory and character generation
equipment). Data entry consoles lend themselves most to
larger spacecraft with several operators who need independent
access to the computer.



EXtension of this concept to a basic interactive contrcl-
display unit is also worthy of consideration. This C and
D subsystem would consist of a keyboard data entry device,
the computer and a graphiecs display unit. It is entirely
possible that larger spacecraft would contain several such
units. Readout of the status of particular parameters
could be commanded from any of several console locations.
Similarly, conference type data handling could be available
to the crew.

This study also suggest that with longer missions, larger
spacecraft and vast instrumentation requirements that C

and D consoles for future payloads utilize a degree of
automatic monitoring and interactive display techniques.
This is particularily relevant to subsystem and support
instrumentation. The fundamental Philosophy is management
by exception. The crew memhers are provided with only the
information required rather than a mass of data which then
requires interpretation. Problem areas and out of tolerance
conditions are shown with additional information concerning
desired course of action. Using an interactive procedure
problem isolation or more specific course of action could
be indicated by proceeding through a hierarchy of display
formats.



5.2 CONTROL FUNCTIONAL REQUIREMENTS

Control function requirement exXtrapolation, avoiding
specific hardware description, is discussed in this section.
A corresponding treatment of display characteristics will
be found in Section 5.3.

As indicated in Table 3~7 (Summary of C and D Device Matrix)
typical future consoles or workstations will consist of a
mix of universal, i.e., flexible integrated controls and
dedicated, or unifunction controls. The analysis indicates
that the preponderence of control functions will be accom—
Plished via keyboard (or in the general sense - a data entry
device). However, for reasons discussed previously, there
is a need for dedicated controls to complement the multi-
function or keyboard type of controls.

Approximately 25 percent of all the analyzed control functions
wlill be accomplished in a dedicated manner (exclusive of hand
controllers, which account for a small percent of total control
functions), as opposed to the remainder which will be accom-
plished in an integrated, or universal (keyboard) manner,

These analytical results demonstrate a clear trend toward
flexible, interactive man-machine combinations wherein the
astronaut makes use of a multi~-format display in conjunction
with a flexible data entry device.

5.2.1 BINARY/TERNARY

Recommended dedicated switch devices for advanced space
experiment control have been categorized in three groups:
1) lasting (or maintained position) toggle switch,

2) momentary position toggle switch, and 3) rotary selector
(multi-position) switch.

Lasting type toggle switches have found wide application in
contemporary spacecraft control. These switches have the
desirable feature of furnishing visual feedback to the crew,
concerning the most recently commanded switch position.
Because of this feature the switch does not normally require
additional visual feedback such as a status indicator.
Additionally, panel nomenclature acts as a reinforcing agent
in switch position identification, i.e., as a "memory".
Sample control functions which are candidates are:

1) selection function, e.g., recording speed select, temper-
ature control on/off; and 2) control functions, e.g. TV camera
pan and tilt.



It will be noted that, where there is a functional need for
rapid control, a toggle switch is preferred to keyboard
entry, except where keyboard push-buttons are dedicated to
that function and so labeled. The reason for this is that
the need for code number lookup would introduce an unde-
sirable delay in the response process.

A momentary toggle switch lacks the "memory" feature which
is inherent in the lasting, or maintained position, toggle
switch. Thus the momentary toggle switch requires the
augmentation of a "talkback" display, e.g., status flag.
Normally, momentary switches with talkback indicators are
employed in situations where an ambiguous indicator, due
to remote switching, would occur if a lasting type switch
were utilized.

As 1indicated in Section 4.4 the following dedicated switch
complement will satisfy all of the functional requirements
where binary/ternary control is appropriate.

Lasting Switch, 2 position, lasting~lasting
Lasting Switch, 3 position, lasting-lasting-lasting
Momentary Switch, 3 position

Note also that, from Table 4-7, the recommended interface
is most frequently (67%) with the computer or data management
system.

5.2.2 MULTI-SELECTION

This class of controls comprises rotary selector switches,
primarily. Table 3-7 shows that this type of control is
foreseen in 68 of 808 cases, or 8.5%. This compares with
the approximatedy 13% of cases which are accounted for by
toggle switches (both lasting and momentary types) and the
approximately 70% accounted for by keyboards. Thus, rotary
selector switches represent a transition, or compromise
between dedicated and integrated control demands.

Rotary selector switches find application where selection
of several measurements within the same functional category
is involved. Examination of the matrices shows that rotary
selector switches have been prescribed for the following
typical control functions:



thermal monitoring
wavelength selection
voltage monitoring
calibration selection
detector monitoring
ergometer motor control

TV camera selector

As described in Section 4.4 the recommended number of selector
switch positions are: 6, 12 and 18. There is 13 need, as
indicated in the device matrices, for selection beyond 18,
These applications have been implemented using combinations of
rotary and momentary switches.

5.2.3 MULTIFUNCTION

Multifunction controls are those control devices which are

not dedicated to a single purpose. Within the context of this
report these devices are considered keyboards or more generally
data entry devices. As shown in Table 3-7 keyboards account
for 571 of 808, or about 70% of all identified control functions.
It is anticipated that the basic use of keyboards will be in
conjunction with flexible format talkback displays. Thus, key-
boards will furnish an integrateddatm,entry, event command, and
status request input device —- a vital part of the astronaut-
computer-subsystem complex.

One of the fundamental problems to be solved in connection with
keyboard specification ig the determination of the desirable,

or optimum, mix of dedicated and universal keys. The solution
of this C and D Problem is predicated on the eXpected astronaut

and, in general, command the eXecution of that function only
(or perhaps readout of data from that function). Universal
Push-buttons are the familiar alphanumeric arrays which can
command or request data from many functions, using coded input
commands. It should be noted that dedicated keys require no
lookup in a handbook or directory, whereas integrated keys do.



2.2.4 ANALOG

The general class of analog controllers would include multi-
aXis controllers, Jjoysticks, potentiometers, etc. This type
of device provides the astronaut with proportional control

of a variable with respect to mechanical motion of knob,
lever, or stick. As indicated in Table 3-7 this device
category accounts for 58 of the 808, about 7%, of the control
requirements.

Multi-axis proportional controllers will be employed in such
spacecraft experiment/subsystem control tasks as hardware
pointing, e.g., mirror pointing and antenna steering; component
alignment; experiment attitude control; vehicle attitude control
and stabilization; and identification of specific data for the
computer. The last application in particular, involves. a class
of controllers known as Jjoysticks. 1In this case positioning
signals will usually génerate a special symbol, such as 2z box,
to show the astronaut the current position of the joystick.

The joystick can be ocperated in the slew, as well as the PY O~
portional, mode. 1In the slew mode the trace will move in the
direction indicated at a constant rate of speed. This device
category also includes controls which adjust or command an
action, usually from a potentiometer, in a continuous analog
manner. Typical control functions are detector gain, bias,
temperature adjust, offset, transmitter power, etc.

An important design constraint utilizing analog control is

that sufficient talkback must be furnished to the astronaut.
Control specification must include consideration of the complete
man-machine control system; that is, the feedback display is
rightfully part of this system. Information must, be provided
to inform the operator when, how much and how far to move the
control. The display should provide true feedback of component
status,



5.3 DISPLAY FUNCTIONAL REQUIREMENTS

Clearly advanced C and D consoles or workstations for future
manned spacecraft will consist of a mix of dedicated and
multifunction displays. Table 3-7 summarizes the different
categories of display devices selected to implement the broad
base of experiment and support functional requirements iden-
fified in Section 2. The majority of display requirements

can be satisfied by panel nomenclature, status indicators,
analog readout devices and multifunction displays. Specialized
requirements, 4.5% of the total use requirements, can be satisfied
using numeric readout devices, two axisg null detectors, history
recorders and CRT monitors.

It is conceivable that specific console designs could eliminate
some of the specialized devices by implementing the display
function using other more frequently used devices. For eXample,
certain numeric readout, analog scale readout and two-axis null
detector displays could be implemented using the multifunction
display. An analysis of these trade-offs is beyond the scope

of this study since specific console design requirements must
be known.

The following sections summarize each display category of
generic devices implementing the display requirements identified
in Section 2.

5.3.1 ANNUNCIATORS

This display category consist of panel nomenclature in con-
Junction with control position and status or mode displays.
Approximately 17% of all display requirements can be implemented
using this type of device. Selection of annunciators for a
display requirement is actually more dependent upon the control
device selected than upon display characteristics desired. That
is, selection of panel nomenclature for =a particular requirement
may be deemed appropriate since a toggle or rotary switch is
employed for control. Obviocusly, if a keyboard is used, panel
nomenclature would not be a viable display device.

Panel nomenclature acts as a reinforcing agent in switch position
ldentification. In this sense Panel nomenclature serves as a
"memory' for the most recently commanded (lasting) switch position
and is considered a type of display. The use of panel nomenclature
shown 1in Table 3-7 is a direct consequence of the use selection

of dedicated switches,



Status indicators will be used in conjunction with momentary
action switches in order to reflect the most recently commanded
position of such switches. As previously discussed, momentary
switches possess no "memory" in this respect. However, it
should be pointed out that in some instances the astronaut

will be able to infer status from resulting subsystem action,
€.g., lights coming on elsewhere, voltage readings increasing,
etc. Status indicators are particularly attractive for support
instrumentation, approximately 88% of all disciplines.

5.3.2 NUMERIC

Numeric indicators are expected to see very limited use in
future C and D consoles (8 out of 1071 cases). This type of
indicator is recommended for two experiments in the Astronomy
Group and siX experiments in the Earth Observations Group.
These functions; gimbal pointing (Astronomy), antenna steering
(Earth Observations), and mirror pointing (Earth Observation)
can be readily implemented using a multifunction display.

5.3.3 ANALOG AND TWO-AXIS

This display category includes meters, X-Y plotters, cross
pointers and similar types. As indicated in Table 3=7
two-axis null detectors (cross~pointers) represent a minute
segment of all use requirements. This device is required
strictly within the Astronomy Group for pointing control and
display.

Analog readout devices represent a significant segment, about
7%, of all use requirements. Nearly all device requirements
within this category are for scale or meter type presentation.
It is not possible to generalize this category any further or
develop standardized scales since not all ranges or indeed
parameters are defined.

5.3.4 HISTORY RECORDER

History recorders provide the astronaut with permanent or
stored data of parameters which are time related. Two,
essentially different, recorders are required. The first

type is used within the Astronomy Group experiments; namely in
conjunction with the X-ray Telescope, IR Telescope and High
Energy Arrays; to review'and monitor spectral phenonenom. This
type of recorder is used to record or log activity. The astro-
naut compares past history with current events to anticipate
what will happen next. The recorder should provide nominally
two channels, time markers and relative slow speed (about

25 em/hr to 75 em/hr).



The second type of history recorder is used for physiological
eXperiments within the Life Science Group. This recorder
function is required to perform electrocardiogram, electro-
encephalograph, electromyogram, blood pressure measurements

and respiratory rate measurements. It is possible that these
recorders may be part of a portable instrument which could

be moved to an area where the measurements are to be taken

and stored when not in use. If the Physiological instrumentation
is designed into a C and D console or work station, it should

be modularized since it is unique to the Life Science discipline
eXperiments.

5.3.5 MULTIFUNCTION

As a result of this study it is clear that multifunction displays
should be employed to implement most of the display requirements.
Table 3-7 reveals that 751 of 1071 use occurrences (70%) can be
satisfied by the use of multifunction or universal (shared) type
displays.

Advanced Control and Display systems will require an increas-
ingly large number of complex parameters and functions to be
observed and interpreted during various phases of a mission,
Further, it seems most desirable to concentrate this information
in an area immediately within the field of view of the operator.
Since various parameters have different order of importance for
different mission phases, it is difficult to place all dedicated
instruments at their optimum location on the C and D panel.
Further, it is common to encounter crucial parameters which

must be observed during a specific bPhase which are not required
at all for other mission Phases. To alleviate this problem,
there is a need for multifunction display devices which will
present different information during different mission phases

to the crew at centralized locations.



A Multifunction Display System is a general purpose,
time-shared, electro-optical display driven by onboard
data management systems. It must be capable, in the
most flexible manner, of presenting information of

many forms. The displays could consist of alphanumerics,
symbolics, graphics Separately or in combination. The
most distinguishable feature of a Multifunction Display
is its flexibility.

Since by functional definition it is possible that

nearly any display format could be presented; the display
system must be designed to provide the greatest display
flexibility possible. Thus, the display system archi-
tecture is generally organized into generic symbol
generation capability controlled by processing elements
which execute a stored program. This concept allows
display formats to be determined by software(the stored
program). ‘

5.3.6 CRT MONITOR

The need for a CRT Monitor exist in each of the five
scientific disciplines studied. It is possible, although
perhaps not desirable, to use Multifunction displays to
satisfy some of these display requirements. This alter-
native can only be evaluated for specific cases.

It should be recognized that although the term CRT
(cathode ray tube) monitor is used here, any generic
device offering this function should be considered.
Since cathode ray tubes are so widely used for this
function, the term is deemed appropriate in the des-
criptive sense within this context.

The video requirements identified in Section 2 are
summarized in Table 5-1. It can be seen that there is a
considerable difference in terms of resolution and frame
rate requirements. It should also be noted that the Life
Science Group may employ color cameras. Color, in this
ingtance, is considered desirable for at least trans-
mission to the ground. However, onboard monitoring may
not require color for astronaut purposes. In this case
mono-chromatic CRT monitors for onboard use would be
adequate.
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TABLE 5-1

VIDEO REQUIREMENTS

GROUP EXPERIMENT RESOLUTION FRAME RATE
ASTRONOMY PHOTOHELIOGRAPH >51000 LINE®#]{0.1 TO 1.0 FR/SEC
DUAL WLC 525 LINES 30 FR/SEC
X-RAY TELESCOPE 525 LINES 30 FR/SEC
IR TELESCOPE 525 LINES 30 FR/SEC
STRATOSCOPE IIIX >>1000 LINES|1 FR/ORBIT TO 1 FR/SEC
EARTH OBSERVATION OBSERVATION TELESCOPE 525 LINES 30 FR/SEC
PHYSICS PHOTO SENSORS 1000 LINES TBD
IMAGE ISOCON RFOV 500 LINES 2 FR/SEC
IMAGE ISOCON WFOV 500 LINES 2 FR/SEC
LIFE SCIENCE SPECIMEN MONITORS 525 LINES 30 FR/SEC
ADVANCED TECH. LIQUID/VAPOR I/F 525 LINES 30 FR/SEC




Of the eleven video camera types identified eight have
resolution requirements which may be satisfied by monitors
comparable to those currently employed by the Skylab ATM.
The remaining three, the Photoheliograph and Stratoscope
III of the Astronomy giloup, and the Photon Sensor of the
Physics group, require resolution on the order of 1000
lines TV or twice that provided by the Skylab ATM TV
monitors. For these instruments the higher resolution
must be provided by the onboard monitors if the operator
is to be required to interact with the instruments as a
function of the real time scientific data available. The
high resolution cameras are provided primarily for trans-
mission of quality scilentific video to ground stations
and thus the need for onboard high resolution monitors
must consider the degree with which the crewman will
interact with the instrument. The higher the degree of
interaction based on evaluation of scientific data the
greater the requirement for high resolution monitors.

The difference in frame rates, which vary from a low of

one frame per orbit (on the order of one frame every 50
minutes) to a high of 30 frames per second, impose
additional demands on the onboard viewing system. The

30 frame per second rate is compatible with the existing
Skylab ATM TV monitors but, the lower frame rates require
some form of image storage to allow display rates compatible
with crew viewing. Methods include the use of monitors
employing high persistance phosphors or the use of additional
interface equipment, providing intermediate storage and scan
conversion. Through the use of image storage and scan con-
version the same monitors may be utilized to satisfy the
viewing requirements of a wide range of cameras having
different frame rates. The use of long persistance phasphor
monitors may be applied on an individual basis.
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